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The construction design is traditionally represented in two-dimensional drawings, 
where the interpretation process is tedious and error-prone mental process. Current 
planning and scheduling effort relies heavily on the intuition, imagination and 
judgment of the construction planner which limits the number of issues that can be 
effectively considered and mentally carried out. Paper-based documents cannot reflect 
the dynamism on site and which cannot assist planners to envision the sequence of 
construction and manage complex construction information in projects. 
 
This research presents the background of an emerging information technology – 
virtual reality. The insight on the potential of embracing virtual reality in construction 
 ii 
industry have been gained through extensive review on the literature and survey on 
the performance of 2 distinct systems. The corresponding benefits to different 
stakeholders have been identified through interviews. This research also investigates 
the major contributions and impediments in the adoption of virtual reality in Hong 
Kong construction industry through empirical case studies. The current maturity and 
uptake of virtual reality is explored and current commercial climate towards the 
embracing of virtual reality is investigated.  
 
A framework of the pattern of use of virtual reality and the corresponding 
implementation success factors is developed and verified through multiple case 
studies. Finally, policies are recommended for construction companies based on the 
success factors towards the adoption of virtual reality in Hong Kong construction 
sector. 
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Chapter One – Introduction 
 
1.1. General 
 
National and international surveys (Fuchter 1998; Howard et al. 1998) have shown 
that information technologies are now widely used throughout the construction sector. 
Firms in the construction sector often act as users of technologies produced outside 
the sector. This study considers the role of design and construction firms as users of 
one particular emerging information technology. – Virtual reality (VR). VR is a 
medium that provides a participative, interactive, spatial, real-time medium for 3D 
visualization and simulation using virtual or computer-generated worlds (Whyte 
2003). Unlike animation, where previously created images are simply replayed in 
sequence, VR environments can be freely viewed and examined in any way from an 
infinite number of perspectives without noticeable delay, i.e. in real time 
(Bouchlaghem 2000). The focus of this study is on graphical computer applications 
that allow users to visualize a 3D model and interact with it in real-time. 
 
In the construction industries, computer visualization usage can have a throughout 
coverage in the whole lifecycle of a product from presentation of initial concepts to 
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the final stages of production and even extend to maintenance issues. 
Three-dimensional walkthroughs can be generated from hand drawn sketches at the 
very early stages of the design process. Three-dimensional models can be used by 
design teams to communicate design intents to client and users and to compare and 
evaluate design options. During more advanced stages of design, three-dimensional 
representations can be used to check the integrity of services coordination, 
accessibility and maintainability. During construction, visualization can facilitate the 
interpretation of design details by site operatives (Bouchlaghem et al. 2005). 
 
There are many benefits of VR identified through researches and on-site 
implementation studies during the last twenty years. It shows that construction 
practitioners, who had used any type of visualization, realized the advantages that 
could be brought from its adoption in construction. Despite these facts, it records a 
very low uptake of VR in Hong Kong construction sector. Currently, traditional 
methods (i.e. paper based drawings, schedules, written statement etc) are still the 
mainstream of communication means between the site team and other participants in 
construction projects. The construction industry is used to communicating through 
these methods and is reluctant to change. The use of telecommunication facilities such 
as facsimile, e-mail and mobile phones has improved communication in respect of 
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speed but it has not influenced the efficiency of the construction process nor the 
quality of information exchange (Alshawi et al. 1999). 
 
This study consists of three parts. First, an extensive and in-depth background on the 
virtual reality is reviewed through the literature. Together with semi-structured 
interviews (in 2006/07), the perceived benefits and impediments of using 
three-dimensional models in the management of construction is investigated. Second, 
base on the literature and survey result from interviews, an analytic framework is 
developed. Finally, a multiple case study of design, engineering and construction 
organizations is then used to investigate the emerging industrial use of VR across the 
construction sector in Hong Kong. The results of this multiple case study are used to 
judge the reality and modify the analytic framework, conclusion are then drawn.  
 
1.2. Problem Identification 
 
The following is a summary of the existing problems of planning and management in 
construction projects. This research has been developed to solve the problems 
identified below: 
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1.2.1. Limitation of a two-dimensional drawing 
 
Construction designs are generally represented in two-dimensional drawings. In order 
to understand the meaning of drawings, a user must have the ability to interpret lines. 
The result of the interpretation process is a three-dimensional mental image of an 
object. The interpretation process is a tedious and error-prone mental effort 
(Hadikusumo 2001). 
 
For example, during the construction process, subcontractors face a number of 
problems, Bennet (1985) noted that one of which is interpreting intricate design 
details. They sometimes spend too much time and effort trying to understand the 
design intent and may need help from the site team (Ganah et al. 2005). The site 
management team may, in turn, need to contact the designer to clarify these details 
and how they can be implemented. This may require additional drawings to be 
produced. Snook (1995) found that nearly 45% of all quality problems occurring on 
construction sites are due to inadequate project information (Ganah et al. 2005). 
 
The current planning and scheduling effort relies heavily on the intuition, imagination 
and judgment of the construction planner is another concrete example. One of the 
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distinct characteristics of the construction industry is the uniqueness of each 
constructed facility (Kamat et al. 2001). Products are built by performing numerous 
construction operations that involve complex interactions between multiple pieces of 
equipment, labor trades, and materials. The construction planner needs to extract data 
from 2-D drawings, generate construction activities and select the appropriate method 
of construction manually (Adjei-Kumi and Retik 1997). There is a limit, however, to 
the number of issues that can be effectively considered and mentally carried out by 
humans (Kamat et al. 2001). 
 
1.2.2. Static Design Representation 
 
For a typical building construction project, the proposed building is communicated to 
the successful contractor through working drawings in a paper-based format. The 
contractor’s planning staff based on the information presented by the working 
drawings to decide how to physically erect the facility and scheduling of the project. 
Therefore, site organization is undertaken using site layout drawings most of which 
are not updated to reflect the dynamism on site (Cheng and O’Connor 1996). Planners 
have to rely on their experience and intuition, imagination and judgment to extract 
data from paper-based design documents and to decide upon the appropriate method 
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of construction, its timings and the site usage layout (Chau et al. 2005). The planner is 
also required to consider the plant, equipment and facilities needs of the project. In 
respect of the above, the planners’ actions are towards the generation of process 
information based on the product information representated in the working drawings 
(Adjei-Kumi and Retik 1997).  
 
On the other hand, during the past two decades, advances in three-dimensional (3D) 
computer-aided design (CAD) technologies have furnished the opportunity for 
enterprises to apply 3D models to manage construction information in projects, via 
viewing their static realistic images. However, these 3D models by themselves are 
unable to display the exact status and progress of a project at a specified period or 
interval, thus furnish little support in progress control. There are no data integration 
and interaction between the 3D model, schedule information and other data. In order 
to produce a construction schedule from 3D drawings, planners have to envision the 
sequence of construction in their mind. This is a very difficult task since workspace 
logistics, and the utilization of resources and equipment are, by their very nature, 
highly dynamic. (Chau et al. 2005). 
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Planners are therefore expected to visualize the perceived characteristics and spatial 
relationship among various components of the project in abstract terms, including site 
organization. This is very difficult to undertake and relies on the immerse knowledge 
and experience of the planner, even though knowledge and experience are seldom 
enough to visualize projects accurately (Morad and Beliveu 1991). 
 
1.3. Research Objectives 
 
In the view of the problems abovementioned, the objectives of the dissertation are as 
follows, all of the followings are based on the construction industry in Hong Kong: 
 
1. To explore the background of an emerging information technology – virtual 
reality 
2. To gain an insight on the potential of embracing virtual reality in construction 
sector and the corresponding benefits to different stakeholders  
3. To investigate the limitations of virtual reality and the corresponding impediments 
of implementing VR in construction sector 
4. To examine the maturity and uptake of virtual reality in construction sector and 
explore the commercial climate of adopting this technology 
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5. To develop an analytic framework for exploring the factors affecting virtual 
reality adoption within construction sector 
6. To suggest policies and models towards the promotion of virtual reality in 
construction sector 
 
1.4. Research Question 
 
Whether the industry climate towards the use of VR is accompany with the emerging 
technology and whether the benefits of using virtual reality (3D visualization / 4D 
CAD) can outweigh the costs of implementation in Hong Kong construction sector. 
 
1.5. Structure of Dissertation 
 
Chapter 2: Virtual Reality 
Literature related to VR is discussed in chapter 2. It provides a brief overview of what 
VR is, VR technology, how VR is used and several important features of VR. 
 
Chapter 3: The Benefits of Virtual Reality 
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Literature related to the benefits of VR is discussed in chapter 3. Benefits of the 
important features of VR have been addressed and discussed. Examples have been 
given to illustrate the merits of different features. 
 
Chapter 4: Virtual Reality in Construction Industry 
In this chapter, the correlation between VR and construction industry is highlighted. 
Applications of VR in construction sector are addressed, with the discussion on 
extensive research projects and applications of 4D models in current practice. 
Particular benefits to the construction stakeholders will also be illustrated. 
 
Chapter 5: The Maturity and Uptake of Virtual Reality in Construction Industry 
In this chapter, the maturity and uptake of VR in current construction industry will be 
discussed. The attitudes and views of different stakeholders involved in the 
construction projects will be explored. This chapter also discusses the impediments of 
embracing VR technology in construction sector. 
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Chapter 6: Research Methodology 
The research methodology, which consists of the research instrument, design of the 
research, analytical framework proposed, data collection, and analysis methods is 
examined.  
 
Chapter 7: Questionnaire Survey Results 
Chapter 8: Interview Results 
These two chapters present the results of data collection and key findings of the study 
from questionnaire surveys and interviews with practitioners respectively.  
 
Chapter 9: Case Studies 
This chapter presents results of multiple case studies conducted in order to verify the 
reality of the analytic framework. 
 
Chapter 10: Discussion 
This chapter discusses on the facts and claims drawn from the results of questionnaire 
surveys and interviews conducted. A comprehensive analysis of the data collected 
will be conducted base on the objectives of study. The refined analytic framework 
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developed would be used to discuss the factors affecting the virtual reality adoption in 
Hong Kong construction sector. 
 
Chapter 11: Conclusion, Contributions and Recommendations 
This chapter presents the summary, conclusions, contributions, recommendations, 
limitations and further development of this research. 
Chapter Two – Virtual Reality 
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Chapter Two – Virtual Reality 
 
2.1. General 
 
Touch and interact with virtual objects is always a natural temptation for human, even 
though they do not exist. This is where VR offers something – it does allow user to 
reach out and move objects about as if they existed.  
 
VR is not, strictly speaking a new technology. It hits the headlines in the mid-1980s, 
and spawned a series of conferences, exhibitions, television programs, and 
philosophical debates about the meaning of reality. It is more accurately a set of older 
technologies merged together. These technologies are essentially computer 
graphics/displays, human computer interfaces and simulation (Bouchlaghem et al. 
1996). More specifically, Burdea et al. (2003) defined a key feature for virtual reality, 
which is real-time activity. He noted that it was a simulation in which computer 
graphics was used to create a realistic-looking world. Moreover, the synthetic world 
was not static, but responds to user’s input. (Burdea et al. 2003). 
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VR can also be described as the science of integrating man with information. It 
consists of three-dimensional, interactive, computer-generated environment. These 
environments can be models of real and imaginary. 
 
Practically, VR is a development of computer graphics that is used for many purposes 
by several industries, such as architecture, engineering design, education, 
entertainment and medicine (Hadikusumo 2001). 
 
VR systems were not developed to meet a specific need; they are developed because 
they were possible (Vince 1995). Now that numerous years have elapsed since their 
public debut, we are in a position to review their potential. 
 
2.2. What is Virtual Reality? 
 
It is crucial for us to understand the definition of VR in order to get familiar of what 
VR is. Hadikusumo (2001) noted there were many definition of VR offered by 
various reasearchers: 
 
? Aukstakalnis and Blatner (1992) defined “VR as a way for humans to visualize, 
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manipulate and interact with computers and extremely complex data.”  
? Bouchlaghem (2000) defined “VR is a medium that provides participative 3D 
visualization and simulation using virtual or computer-generated worlds. 
? Dani et al. defined “VR as a synthetic computer generated environment within 
which a person can navigate and interact with the virtual objects as the person 
would in the real world (Hadikusumo 2001).”  
? Burdea et al. (2003) defined “VR is a high-end user-computer interface that 
involves real-time simulation and interactions through multiple sensorial 
channels. These sensorial modalities are visual, auditory, tactile, smell and taste 
(Burdea et al. 2003).” 
 
2.3. The Three I’s of Virtual Reality 
 
VR has three principal features that make it used by many different industries. These 
features can also be considered as the benefits of VR (details will be discussed in 
chapter 3), are interaction, immersion and imagination (Burdea et al. 2003). The 
interactive feature facilitates a user to provide input and modify a virtual world 
instantaneously. The immersive feature of VR enables a user to see and touch a 
realistic looking world. The imagination feature allows a user to create an application 
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that is able to solve a particular problem. Therefore, a number of applications in VR 
among several industries and areas of research have been developed to solve 
particular problems (Hadikusumo 2001). 
 
2.4. Navigation and interaction 
 
In essence, VR is about using computers to generate images of 3D scenes with which 
one can navigate and interact. In order to navigate and interact in the virtual world, we 
require real-time graphics which implies fast computers are needed. Navigating and 
interacting with the real world has certain advantages since we are equipped with 
stereoscopic sight, and the same advantages could be obtained if our 
computer-generated images are also stereoscopic (Vince 1998). 
 
2.5. Differences between Virtual Reality and Computer-Aided Design 
 
Computer-aided design (CAD) tools have been used in construction industry for many 
years. These traditional design tools have little in-built intelligence, and deal with 
graphical/mathematical entities such as 2-dimensional lines. Johnson (1998) severely 
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criticized the interface of conventional CAD as clumsy and un-user-friendly 
(Bouchlaghem et al. 2000). 
 
Nowadays, the latest versions of popular commercial CAD packages offer some 3D 
modeling functions and have special customized libraries of routines available as 
add-ons to the basic packages. These libraries contain 2D and 3D representations of 
building components and thus the user can design in 2D, using the library of 
components, and automatically generate a 3D model or design in 3D and extract the 
basic geometry for developing working drawings, such as plans and sections 
(Bouchlaghem 2000). The details of CAD are beyond the scope of study. 
 
Most of the VR models are developed from CAD (the creation of VR models will be 
discussed in the next chapter). In fact VR and CAD are a part of computer graphics 
technology. Whyte et al. (1998) stated that VR is different from CAD, in which they 
distinguished the differences into two topics: organization of models and 
functionality. 
 
In terms of organization of models, Whyte et al. (1998) noted that most VR systems 
organize the objects/components of the virtual worlds hierarchically. In this hierarchy, 
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a child-parent relationship exists; therefore if a parent object is translated and/or 
oriented, in result the child object will be affected. This hierarchical organization is 
not supported by CAD systems. 
 
In terms of functionality, Whyte et al. (1998) noted that: 
 
“CAD is an established technology, where high functionality is achievable without 
resorting to scripting and programming languages…In contrast, VR is an emergent 
technology and there is often a need to use programming languages to provide greater 
functionality.” 
 
2.6. Current approaches to VR model creation 
 
Currently, there are no standard methods for the translation of building data from 
CAD into VR and the user relies on non-industry standards, previous experience, and 
prior knowledge of the particular translator and VR system used. Whyte et al. (2000) 
identified three different approaches to the creation of VR models from CAD data in 
commercial applications and VR research projects (see figure 1) (Bouchlaghem et al. 
2000), these are to: 
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(a) Build a library of standard parts; 
(b) Rely on imperfect model conversion through translators; and 
(c) Use VR as an interface to a central database. 
 
2.6.1. Library-based 
 
The necessary for repetitive data transfer and optimization of common parts is 
eliminated if a library of components is archived for reuse within the VR environment. 
Significant amount of effort and time are required initially to build up the library, and 
the library components can be created from CAD data that have been optimized and 
had behaviors added (Bouchlaghem et al. 2000). 
 
2.6.2. Direct translation 
 
Complete CAD models can be used to create VR models by straightforward 
translation of the entire model. A translation approach has been used in research 
projects where there are few repeated elements, geometric data predominate and there 
are few activities associated therewith, or the design process is completed and the 
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19 
design is fixed and unchanging (Whyte et al. 2000). Translation and optimization can 
be used for the generation of highly rendered or optimized models for presentation to 
clients (Bouchlaghem et al. 2000). 
 
2.6.3. Database 
 
Aouad et al. (1997) noted that this approach utilizes a central database to control 
component characteristics, and both CAD and VR are used as graphical interfaces to 
that database. Eastmann et al. (1997) noted that the building model is created in the 
central database and viewed through the different applications, one of which is the VR 
package. A full implementation of such a system would allow updating of the model 
in both CAD and VR. Thus a two-way data exchange would be affected as opposed to 
unidirectional or downstream data transfer. However, a database approach has not 
been implemented commercially (Bouchlaghem et al. 2000). 
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Figure 1. The library-based, direct translation and database approaches to VR model 
creation from CAD data (Source: Bouchlaghem et al. 2000) 
 
2.7. Virtual Reality Technology 
 
Vince (1998) noted that VR technology consists of three fundamental parts: inputs, 
virtual environment and output technology. The virtual environment is also known as 
VR software technology.  
 
VR software is needed to integrate the input and output software into a coherent 
system that enables a user to navigate and interact with a virtual world (Vince 1998). 
In the virtual world, a user can navigate to see a virtual object from any direction and 
any position. A user can also interact with the virtual object; however the interaction 
is determined by a program or script developed to assign a specific behavior into an 
object (Hadikusumo 2001). For instance, when a user touches a button, the light of a 
lamp is turned on. SuperscapeTM, WorldToolKitTM and World UpTM are several 
examples of VR programs available in the market. In this study, VR hardware and 
software will not be discussed in details, while it is worth exploring the cope and 
breadth of applications that are potentially possible. 
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2.8. How is VR being used? 
 
VR concepts have been developed for many years. The application of VR stems from 
the aerospace technology and defense industries with the development of the most 
known flight simulator. More recently, advances in electronics enabled the use of the 
VR technology to spread to areas like scientific and product visualization, medical 
applications, training, and maintenance systems (Bouchlaghem et al. 1996). 
 
Stuart (1996) summarized the VR applications into eight categories: 
 
1. Online performance. A user uses this application to perform tasks in the real 
world. For example, a teleoperation VR application can be applied to task in 
hazardous environment, such as undersea or radioactive areas, since the interface 
of the application gives intuitive and precise control. 
 
2. Offline training and rehearsal. The objective of this application is to allow users 
to practice tasks before the real implementation in the real world. For example, the 
programs which trains surgeons in virtual environment in minimizin patient 
trauma. 
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3. Online comprehension. Using this system, a user can gain an understanding or 
insight into the virtual environment while interacting with it, e.g. system created 
for virtual molecular docking which permits a chemist to manipulate molecules 
and explore the ways in which they can be blocked. 
 
4. Offline learning and knowledge acquisition. In this application, a user is meant 
to acquire knowledge and gain experience by using the system, and subsequently 
synthesize it into more abstract knowledge. For example, a virtual physics 
laboratory enables a student to control abstract physical parameters, such as 
friction, and learn what the effects when altering these parameters. 
 
5. Online Design. This system involves an individual or a group of users designing 
objects or environments using the virtual environment system. An example of this 
system is the kitchen design application. Users are able to select from available 
objects in a collaborative environment in order to design a kitchen layout. 
 
6. Entertainment. A lot of video games are developed in VR. 
 
7. Communication. Instead of supply insight about the environment itself, this VR 
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application is used to transfer knowledge between users. 
 
8. Tools to research human perceptual-motor capabilities. This application is 
used to study human performance characteristics. 
 
According to Vince (1998), he noted that VR applications have been developed for 
five purposes as follow: 
 
1. Industrial sector. Typical industrial applications for VR include: 
? Visualizing engineering concepts 
? Evaluating ergonomic issues 
? Visualizing virtual prototypes 
? Exploring servicing strategies 
? Simulating the interaction of assemblies 
? Simulating the dynamics of articulated structures 
? Stress analysis 
? Distributed product development management 
? Simulating manufacturing process 
? Collaborative engineering on large AEC projects 
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? Matching and pressing simulation 
? Concurrent engineering 
 
2. Training simulators. VR applications have been developed for training purpose: 
 
? Flight simulator training to assess technical competence of qualified pilots 
and to familiarize newly qualified pilots with a new craft 
? Fire-fighter training to train fire-fighters to recognize a place under smoky 
conditions 
? Medicinal training in visualizing human organs and minimally invasive 
surgery to train a surgeon in minimizing patient trauma 
? Military flight simulators to familiarize pilots with the surrounding terrain 
? Therapy training for those suffering from acrophobia 
 
3. Internet. Several VR applications have been developed in the internet sector to 
show a virtual art gallery where a visitor can do a walkthrough in the gallery to 
view digital works in high resolution, and virtual shopping where a visitor can 
explore different shops and make online purchases. 
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4. Human movement analysis. This VR application aims to develop an effective 
motion capture model to analyze and assess human movement (Vince 1998). The 
initial motion capture system will employ a basic 3D virtual gymnast, which will 
be used to analyze the movement and overall performance of the gymnast, and to 
identify and monitor the risk of injury and its prevention. 
 
5. Entertainment. The purpose of this VR application is for experiential pleasure. 
 
2.9. Summary 
 
In this chapter I have attempted to give a brief overview of what VR is about, and we 
have seen that navigation, interaction, immersion and imagination are characteristics 
of VR. According to the above two scholars stated, they had identified a similar series 
of application of VR. Basically, a VR system manipulates real-time computer 
graphics in such a way to make the users visually believe they are part of a virtual 
domain. We must prepare ourselves to accept the dramatic developments of VR 
technology in the next few years. It will be something revolutionary for application in 
various industries. For the moment though, I will continue with the above definition 
and proceed to explore the benefits and applications of VR in construction industry. 
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Chapter Three – The Benefits of Virtual Reality 
 
3.1. Introduction 
 
Most products in the world have to provide a service and offer certain real benefits. It 
would be inconceivable for an industry to employ any technology that does not add 
value in any form. For example, before the computers have become universal, they 
are unreliable, software is problematical, and they are more trouble than they worth. 
 
Today, it would be unbelievable for any company not to consider using computers. 
Even though in some occasion they may have faults, however their advantages are 
enormous. As industry embraces the internet and adjusts to the concept of global 
markets, the age of digital communication has come. However, when a revolutionary 
technology such as VR comes along, it is only natural that industry reacts with 
caution (Vince 1998). 
 
In the 1980s, queries about the cost, performance, life cycles, training, software 
availability, benefits, etc. were ask when VR systems were just emerging. At that 
moment, the answers were vague and not inspiring. Yet, failure would not destroy the 
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company, but success promised real rewards. Fortunately, certain companies take the 
challenge of VR and prosper the business, and today, such projects have identified 
clear and viable markets for VR.  
 
It is easy to understand that for any company to embrace a new technology and adopt 
new and unproved method is rather risky and challenging. VR is so revolutionary that 
the only way for it to be accepted is that it should complement rather than replace any 
existing process (Vince 1998). CAD industry is a good example to illustrate Vince＇s 
idea, instead of replacing the workstation approach to CAD, VR could provide a 
valuable simulation and visualization environment for evaluating CAD models.  
 
3.2. Introduction to 3D Visualization 
 
As we can see in our real world, the media used to visually communicate information 
in our world is predominantly 2D. Construction documents, 2D drawings, artist 
renderings, and digital photographs are all represented in 2D interfaces. Imagine you 
are holding a very realistic and accurate photograph of an aircraft. However, it is 
difficult for you to have the sense of scale, proportion, color range and visual impact 
of being next to a real aircraft. Simply walking around an aircraft we can take in 
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subtle changes in its surface geometry. We observe how highlights travel along body 
panels, and how convex features are blended with concave features. Escaping the 
limitation of flatness of paper and computer screen is one of the foci of visual 
information theory. Success allows construction, in a three dimension process, to be 
represented up 2D (Tufte 1990). 
 
There are myriad reasons why a flat image is inferior to a 3D representation of a solid 
object (further discuss in the latter section), which makes the VR contributes so much 
to 3D visualization.  
 
3.3. What is Visualization? 
 
Visualization is a process of both presentation and discovery. Through using different 
techniques the visualizer displays the data in such a way as to allow the user to gain a 
deep understanding of the underlying information (Jonathan 2000). The user and 
visualizer may be the same person, in which an exploration environment is formed 
where the user can try different scenarios and parameters to gain a correct 
understanding of the information. Visualization is also the display of information to 
maximize comprehension and a way of making the most effective use of data. It can 
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assist in understanding concepts, interpreting data and also communicating ideas 
(Ganah et al. 2001). 
 
In other words, visualization offers a method for seeing the unseen. Rodriguez (1992) 
noted that in design, visualization is the overall imagining and visual-thinking process 
involved in conceiving, developing, modeling, simulating, testing, documenting, and 
marketing a device or a structure. Bertol (1997) noted representation of structural and 
building design has developed gradually in thinking and technology from perspectives 
to virtual reality in recent years (Ganah et al. 2001). 
 
The original data may be numeric or textual information, sampled from the real world, 
simulated using mathematics or gathered from ideas. Whatever its origin, the aim is 
the same: to present the concept or information in order that insight and understanding 
is gained by the user or observer (Jonathan 2000). 
 
In essence, there are two main processes (see figure 2): one of visualization that 
changes data, concepts, and information into a representation that is viewed by the 
user, and the other of perception, where the user tries to understand the information. 
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Figure 2. Two main process of visualization (Source: Jonathan 2000) 
 
3.4. Benefits of visualization 
 
Prior to the discussion of what benefits visualization can bring us, we must answer a 
key question: what value does one place upon being able to see a virtual design in 3D 
rather than 2D? 
 
CAD plays an important role in the design of digital processors, cars, planes, rockets, 
satellites, offshore platforms, etc. Many of these structures could hardly been built 
without the assistance of computers and relating software. Take, for example, the 
design of chemical plants, its complexity will definitely defy the imagination (Vince 
1998). Before the embracing of CAD, the design of car wheel required experienced 
designer to use myriad hours to create detail orthographic projections of the curved 
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surface. Nowadays, with the help of CAD, it can be designed in a fraction of time, and 
visualized as a 3D object. But VR take us one step ahead; with the collaboration of 
VR, it is possible to visualize the virtual car with wheels on it from any point of view 
in real time (Vince 1998). 
 
In essence, visualization is a way of making the best use of data. It can assist in 
understanding concepts, interpreting data and also communicating ideas (Ganah et al. 
2001). In construction sector, the visualization tools available can greatly improve the 
communication between designers and contractors so that the errors can be avoided at 
the design and construction stage of a project. Designers can identify the missing and 
conflicting design information before passing it to contractors. Furthermore, 
contractors will be able to visualize design details and identify any interference or 
deficient information before the commencement of construction (Ganah et al. 2001). 
 
3.5. Benefits of Navigation 
 
As mentioned in the previous chapter, navigation is one of the important features of 
VR. The ability to navigate without physically moving opens up an extraordinary 
range of applications for VR. For example, it allows us to move about virtual 
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buildings, planes, oil platforms, cities, offices, nuclear power plants, and any other 
structure stored in the computer. One can explore an architect’s plan for a house and 
visualize the layout in order to make certain evaluations. A trainee pilot can learn 
about the interior fittings of an aircraft using a VR system, in order that when he 
arrives at the real aircraft, he will be familiar with different compartments, access 
points and relevant operational controls on the aircraft (Vince 1998). It is possible to 
become familiar with foreign cities, new office structures, nuclear power plants, long 
before they are built. This can facilitate the evaluation by, for instance visualizing a 
virtual stock exchange seating plans, the visibility of critical displays, inter-operator 
communications and other ergonomic issues can then be easily evaluated. 
 
3.6. Benefits of Interaction 
 
Just simply imagine the dragging of icons in the Window interface, if we can interact 
with 2D virtual objects, it is not surprising that we can perform the same operation in 
3D. It is just a similar process in 3D to identify the object we want to select and its 
new position. 
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Inside the host computer, the geometry of the virtual hand is adjusted to the position 
of the user’s real hand. This geometry is defined numerically, it can be compared by 
the host software to see if any of the hand’s features collide with the geometry 
describing the virtual environment, which also has a numerical basis. Modern 
computers can perform these numerical comparisons with great speed. When a 
collision or interference is detected between the virtual hand and a virtual object, the 
host software reacts by coloring the object red, for example (Vince 1998). This is also 
explains why VR can be used to detect the collision in building services, which will 
be explained in details in the next chapter. With the ability to interact in VR systems, 
we can modify the status of any virtual environment and explore the optimum layouts 
of structures. 
 
3.7. Benefits of Virtual Environments 
 
The benefits of virtual environment over physical environments are obvious. For 
instance, architects always rely upon models to provide a realistic impression of the 
finalized project. However, it is impossible to navigate the models internally, although 
small video cameras can be used to convey the interior views, but it simply allows 
architects to navigate the realistic, accurate and illuminated virtual models by 
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embracing VR technology, mostly important it enables architect to modify it once the 
defects are identified. 
 
3.8. Summary 
 
In this chapter, benefits of the important features of VR have been addressed and 
discussed. The examples we have discussed in this chapter are not contrived, but are 
all happening in the real world. Today, it is not difficult to identify the benefits of VR 
that brings to several industries, which has put VR through its paces and helping in its 
growth. It is appreciated that it always takes time to implement a revolutionary idea as 
real commercial benefits must always be identified and quantifiable before any 
innovative project are launched. Industry, technology, and commercial climates will 
dictate the pace with which VR is embraced as an industrial tool. 
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Chapter Four – Virtual Reality in Construction 
Industry 
 
4.1. Correlation between visualization and construction industry 
 
In construction, different people understand different things by the term visualization. 
Op den Bosch (1994) noted that the term “visualization” refer to any kind of series of 
sequential computer frames without taking into account their origin or their contents. 
In effect, numerous computer-based visual activities that can be directly or indirectly 
used in construction planning can be appropriately termed visualization (Kamat 
2001). 
 
Kamat et al. (2005) identified several visualization activities in construction which 
include, but are not limited to: (1) manual coding and/or interactive creation of 
specific virtual construction scenarios using graphics libraries (e.g., World Tool Kit) 
or interactive tools; (2) 3D CAD model-based animation of CPM construction 
schedules (i.e., 4D CAD); (3) visualization of assembly sequences and real-time 
virtual interactive modeling of construction equipment; (4) VR construction 
equipment simulators; and (5) CAD model-based project information access over the 
internet using Virtual Reality Modeling Language (VRML) (Kamat et al. 2005). 
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Newton (1998) noted that computer visualization has become the field that designers 
are currently seeking to exploit as a new technology to cope with a rapidly changing 
construction industry. Alshawi and Underwood (1999) stated that project information 
visualization is not only important at the design stage but is also becoming 
increasingly important at the construction stage. It can be a valuable tool for 
enhancing existing systems with respect to construction sequence, equipment access, 
completed work and assembling difficulty components. In addition to this, 
visualization augmented with good communication facilities could create the 
necessary links between site and design teams to collaboratively solve constructability 
problems that may arise during construction (Ganah 2005). 
 
In view of the above, there is a need for a visualization system that is capable of 
providing an effective tool for communicating graphical constructability information 
between design and construction teams.  
 
4.2. Virtual Reality Applications in the Construction Industry 
 
In the construction industry, recent attempts to use VR concentrated on the process of 
design and construction. The first use of VR in the construction sector was the 
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development of walkthrough systems. Bouchlaghem et al. (1996) identified other 
possible applications at different stages of trials and developments: 
 
In design 
? Space modeling 
? Interior design 
? Lighting design 
? Heating Ventilation and Air Conditioning design 
? Ergonomics and functional requirements 
? Space selling 
? Fire Risk assessment 
? Landscaping 
 
In construction 
? Site layout and planning 
? Planning and monitoring of construction processes 
? Evaluation of construction scenarios 
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In recent years it emphasis has been on marketing construction organizations through 
the better use of visualization (Aouad et al. 2000). This is crucial, yet it should be 
addressed within the context of progressive business improvement by coupling 
visualization, communication and integration capabilities of technologies which are 
mistakenly considered as visual technologies. 3D and VR are useful channels for 
communicating, integrating and visualizing construction information. Aouad et al. 
(2000) conducted workshops which attended by practitioners representing different 
supply chain to identify the main visualization applications during the construction 
processes (see Table 1). 
 
Process Visualization uses 
Briefing User requirement can be visualized 
using an existing 3D / VR model, assist 
in procurement strategies. 
Design 3D / VR models could be used at all 
stages from sketch to production 
information. Architectural, structural and 
services information can be visualized 
for consistency, clash detection, 
buildability, etc. 
Construction Visual technologies can be used to show 
the construction of building. Time and 
cost information can be visualized in 3D 
/ VR. 
Operation and maintenance The visual model can be used to check 
services and other items in need of 
maintenance. 
Table 1. Visualization use in construction (Source: Aouad et al. 2000) 
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In the following section, I will further elaborate the detail of different VR applications 
in various construction sectors. 
 
4.2.1. Building Design 
 
Architectural design has been the main driving force for developments in 3D 
modeling and Virtual Reality. Designers rely on architectural documentation to 
communicate their design to a construction team. Moreover, due to the particular 
needs of concurrent conceptual design, a challenging area requiring the development 
of novel techniques to deal with the designer’s needs to rapidly develop and assess 
ideas. At the core of these needs is the ability to collaboratively access and use 
visualization tools at an early stage of design for the visualization of design concepts 
and collaborative design development. 
 
VR is being widely tried within the construction industry for design applications, for 
collaborative visualization and as a tool to improve process (Bouchlaghem et al. 
1996). 2D sketches and drawings can be turned into 3D panoramic views and allows 
for 3D models to be generated at different stages of the conceptual design process 
using tools and methods appropriate for each stage (Bouchlaghem et al. 2005). A 
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number of VR systems, including Superscape, VRML and WorldToolKit can enable a 
user not only to visualize a project design, but also to interact with individual objects 
of the design which is impossible in traditional CAD systems; for instance, 
designer/construction planners can visualize the construction plan in 3D and can 
investigate the impact of the current design solution on construction, the efficiency of 
the current construction plan, the degree of utilization of construction resources, the 
impact of the construction process in the environment (Bouchlaghem et al. 2005). 
 
Moreover, by allowing architects to visualize and immersive themselves in their 
designs, a much clear understanding is gained of both the qualitative and quantitative 
nature of the space they are designing (Bouchlaghem et al. 2005). Li et al. (1998) note 
that in building design, computer visualization allows investigations to iron out 
difficulties that may occur before construction commences on site. As is generally 
known, the spatial relationships between elements in design can be observed and 
judged by eye. Hand and eye coordination when placing objects in the right places in 
space is important. Computer visualization, as with physical models, combines hand 
and motion with visual feedback on relationships between objects located in space 
(Ganah et al. 2001). 
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Bouchlaghem et al. (2005) assert that visualization and VR allow designers to 
evaluate scale and proportion using intuitive interactive modeling environments and 
simulate the effects of lighting, ventilation and acoustics in internal environments. 
The use of visualization also includes the simulation of egress from buildings to 
facilitate the design of fire escape routes. As a visualization tool, VR is also used to 
convey design ideas from designers to clients by creating virtual walkthrough models 
to examine the design layout with the clients in a more direct manner. Visualization 
can also be used to model the construction sequence in order to simulate and monitor 
site progress. This can be achieved by using a pre-prepared library of 3D graphical 
images of building components, facilities etc. and their related activities, to generate 
models representing views of the construction sequence at any give time of process 
(Bouchlaghem et al. 2005). 
 
4.2.2. Collaborative environments 
 
VR have given birth to Collaborative Virtual Environment (CVEs) within which users 
are virtually co-located to interact with one another. In a virtual meeting room, team 
members are able to interact intuitively in 3D space and feel as though they were all 
in the same room (Bouchlaghem et al. 2005). 
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As we know, construction involves many stakeholders and the project organization is 
a shifting multi-goal coalition. Different stakeholders have different views and 
perspectives towards the process; they include professionals such as engineers, 
architects, and planners and non-specialists such as clients and users. Collaborative 
building design requires a shared understanding to be researched between all of the 
parties involved. 3D visualization techniques can therefore facilitate this shared 
understanding across interdisciplinary groups. In other words, the real-time 
three-dimensional visualization features of VRM can offers a natural medium for 
building design to collaboratively explore design options and simulate different stages 
of the construction process.  
 
This technology is still in its infancy and does not at present support realistic pictorial 
representation of the parties present in a meeting. Collaborative virtual environments 
can also be a medium for remote collaboration of urban designers, and the discussion 
of urban proposals by the general public (Bouchlaghem et al. 2005). 
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4.2.3. Collision Detection 
 
Another application of VR is collision diction. It can identify and report any 
undesirable conflicts that can occur among static (e.g. structure in-place, idle 
equipment), dynamic (e.g. active machines and workers), and abstract (e.g. hazard or 
protected spaces) construction resources in dynamic 3D construction process 
visualizations. This provides users with a clear understanding of all object motions 
and potential interferences in any area of activity on a simulated construction job site 
(Kamat et al. 2006). 
 
Commercial package like C-COLLIDE  can identify common types of clashes that 
can occur on real construction sites and that include (1) intersection among physical 
in-place components (i.e. design interferences), (2) intersection among in-place 
components, components in transit, and/or pieces of moving equipment during 
construction (i.e. constructability interferences), (3) craft interferences and accidents 
e.g. collision between two pieces of equipment operating in the same area, and (4) 
space intrusions e.g. any resources (workers or equipments) encroaching arbitrarily 
shaped hazard or protected areas of the jobsite (Kamat et al. 2006). 
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4.2.4. Building maintenance 
 
Lifecycle planning has become more important over the past two decades and the 
momentum is ongoing. Amongst other benefits, lifecycle planning yields considerable 
economic advantages, as the financial implications of alternative design and material 
options can be examined at the outset. Further advantages are rendered through 
optimized maintenance planning (Bouchlaghem et al. 2000).  
 
The aforementioned VR systems can facilitate the visualization of a building in a 
static fashion: view or walk through the building. However, buildings are dynamic 
systems and the state of their components changes with the passage of time. To this 
end, work has been carried out to facilitate the visualization of the building ‘through 
time’ i.e. 4D CAD (it will be further discussed in the next section). Bouchlaghem et al. 
(2000) assert that VR enables visual evaluation of building degradation, which is used 
to: 
 
(1) Develop a realistic and economical building maintenance program on a short-term 
and long-term basis; and 
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(2) Evaluate, at the design stage, the cost and performance alternatives of different 
building materials. 
 
Whyte (2000) state that based on the generalized model of visual maintenance, for a 
given point on the maintenance schedule, the properties of the relevant components 
are drawn from the design information and analyzed before they are implemented 
visually by means of Virtual Reality Modeling Language (VRML). For the purpose of 
modeling and visualization, the building is decomposed into its constituent 
components such as lighting, flooring, cladding, roofing, wall systems, and indeed 
any component the state of which is affected with the passage of time (Bouchlaghem 
et al. 2000). Khosrowshahi et al. (1997) had achieved a considerable inroad to 
formulate the impact of time on lighting, paints and carpets. However, the concept can 
easily be expanded to encompass the causes and effects of all events on all building 
components (Khosrowshahi et al. 1997). 
 
4.2.5. 4D CAD 
 
The use of 3D visualization has long been established as a major breakthrough in 
closing the gap between a client's need and what is perceived by the designer to be the 
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need of the client. Nevertheless, construction clients are increasingly demanding a 
greater participation in the process of design generation. This has been a welcome 
move by all parties, as less variation means less conflict. In spite of its vast practical 
uses, in the field of visualization, the ability to travel through time is an area that has 
been neglected by the academics and developers (Khosrowshahi et al. 1997). 
 
It is generally recognized that comprehensive construction planning and efficient site 
utilization are very significant in the site management of building construction. The 
increasing complexity of modern construction projects, coupled with the increasing 
number of involved parties, require more effective planning and communication 
(Chau et al. 2005). Traditional construction planning tools, such as bar charts and 
network diagrams, do not represent and communicate the spatial and temporal aspects 
of construction schedules effectively. Consequently, they do not allow project 
managers to create schedule alternatives rapidly to find the best way to build a 
particular design (Fischer et al. 2003). 
 
4D CAD focuses on the visualization of the constructed product over the period of its 
construction by animating the transformation of space over time. This is accomplished 
by linking a 3D CAD model representing the complete product design and a 
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construction schedule (McKinney et al. 1996). Kahan & Madrid (1987); Atkins (1998) 
have started the development on systems linking 3D CAD models with schedule and 
other project information in the mid-eighties. Koo et al. (2000) generated a 4D model 
using the project documents (i.e., CPM-based bar chart schedule of master plan, 2D 
drawings and pictures of specific stages of construction) provided by the general 
contractor (Koo et al. 2000) (see Figure 3).  
 
 
Figure 3. Overall system architecture for generating the 4D model (Source: Koo et al. 
2000) 
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4D CAD involves being able to view the interaction of the various resources as they 
build the product. These resources include, but not limited to, temporary structures, 
materials, equipment, and labor as they create the product (Kamat et al. 2001). 4D 
visualization tools can demonstrate the entire construction process in a vivid way and 
show potential conflicts in a construction site. William (1996); Retik (1997); Edwards 
& Bing (1999) have shown that combining scope and schedule information in one 
visual model is a powerful communication and collaboration tool for technical and 
non-technical stakeholders based on the experience on many different types of 
projects (Fischer et al. 2003). Vaugn (1996) noted that 4D CAD models help project 
managers to manage the flow of work and the allocation of crews and space on 
construction sites better (Fischer et al. 2003). It can also provide construction planners 
significant insights necessary to analyze the project and subsequently plan the 
required operations at a schedule level-of-detail (Kamat et al. 2001). Planners can also 
practice what-if analysis to assess and compare several planning options in order to 
select a better strategy (Chau et al. 2005). Examples of 4D CAD applications in 
practice will be discussed in section 4.4. 
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4.2.6. Safety related application 
 
Inadequate or insufficient information during the production process would always 
lead to the accidence occurrence on construction sites. Paper-based systems for 
recording and communicating health and safety information are often inadequate, 
owning to important details being lost, misplaced, or ignored through the pressures of 
work commitments and required project completion times. To promote the 
opportunity for the acquisition and communication of knowledge, collaborative 
virtual environment provide a rich source of information which can be easily retrieved 
and communicated to design staff, construction professionals, site management and 
operatives working during the construction process (Stephenson 2001). 
 
On the other hand, Hadipriono and Larew (1996) developed a safe training 
environment for construction trainees and students. When the user interactively walks 
through a virtual building and encounters a hazardous component, the VR application 
warns them of the required safety hazards. They noted that this VR application allows 
a training environment that is safe to users compared with training that must be 
conducted on a real site where trainees are exposed to safety hazards (Hadikusumo 
2001).  
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In another project, Hadikusumo et al. (2002) identified numerous benefits when using 
visualization for safety hazard recognition. Firstly what you interpret from the model 
directly represent what you have seen. Secondly, visualization facilitates dynamic 
representation of the construction process and indicates those processes that would 
not be apparent from a simple two-dimensional drawing of the finished product. 
Thirdly, the ability to conduct a virtual walk-through assists in allowing the designer 
to reflect and spend time carefully thinking about the implications of the design as it 
is developing. 
 
4.3. VR projects undertaken by researchers in the construction sector 
 
There are a number of VR systems being developed for the construction industry in 
UK and USA: 
Project 
Name 
Objectives Developer Reference 
C-COLLIDE To identify and report 
undesirable conflicts that 
occur among static, dynamic 
and abstract construction 
resources in 3D animations 
of construction operations 
Kamat et al., 
2006 
Kamat et al., 
2006 
VISCON To exchange design 
information between design 
Ganah et al., 2005 Ganah et al., 2005
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and construction teams 
during the construction stage
DFSP To identify safety hazards 
inherited during the building 
construction phase that are 
actually produced during the 
design phase 
Hadikusumo et 
al., 2002 
Hadikusumo et 
al., 2002 
INTEGRA To collaboratively access 
and use visualization tools at 
an early stage of design for 
the visualization of design 
concepts and collaborative 
design development 
  
VIRIL To gain understanding of 
possibilities and cost/benefit 
ratios of VR technology for 
industrial applications 
VTT Finland Http://cic.vtt.fi/4d
4D-VR Representing the 
construction process (in 
terms of time scheduling in 
VR) 
Kim et al., 2001 Kim et al., 2001 
SVR To develop a shared virtual 
world using the internet 
Design Network 
Lab., Politecnico 
di Torino, Italy 
Caneparo, 2001 
PROVYSIS To assist practitioners to plan 
and visualize a plan in a near 
reality sense 
Strathclyde 
University 
Adjei-Kumi, 
1997; Retik and 
Shapira, 2001 
N/A Application of VR to 
housebuilding 
Loughborough 
University 
Whyte et al., 
2000 
VCE To re-assemble 3D CAD 
models in a virtual 
environment and automate 
schedule generation 
Virginia 
Polytechnic 
Institute and State 
University 
Waly et al., 1999a 
and Waly et al., 
1999b 
Virtual 
Model 
To investigate the 
application of VR in AEC 
Kumamoto 
University 
Seigo Ogata et 
al., 1999 
N/A To investigate the 
development of a VR 
prototype for site layout 
University of 
Liverpool 
Boussabaine et 
al., 1999 
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planning 
SPACE To develop an integrated 
design and construction 
system 
Salford 
Universtity 
Faraj and 
Alshawi, 1999 
ViRTUE To monitor the progress of a 
project by comparing the 
actual project and the virtual 
project 
Strathclyde 
University 
Retik et al., 1998 
N/A To facilitate automatic 
production of construction 
schedules from 2D or 3D 
drawings 
Mackinney et al., 
1997 
Mackinney et al., 
1997 
4D Planner To allow user to 
electronically relate the 3D 
model to the time dimension 
Williams, 1996 Williams, 1996 
4D Planner To allow user to 
electronically relate the 3D 
model to the time dimension 
Williams, 1996 Williams, 1996 
STROBOSC
OPE 
To model complex 
construction systems in 
detail and for the 
development of 
special-purpose simulation 
tools 
Martinez, 1996 Martinez, 1996 
CONVERT To generate a virtual world 
from a traditional CAD 
system 
Salford 
University 
Faraj, 1996 
N/A To develop a safe training 
environment for construction 
trainees and students 
Hadipriono and 
Larew, 1996 
Hadipriono and 
Larew, 1996 
Interactive 
Visualizer 
To explore the geometric 
primitives and operations on 
a virtual construction site 
Georgia Institute 
of Technology 
Ribarsky et al., 
1994 
CYCLONE To effectively model 
relatively simple 
construction operations 
Halpin and Riggs, 
1992 
Halpin and Riggs, 
1992 
Table 2. VR projects undertaken by researchers in the construction sector (Updated 
from source: Hadikusumo 2001) 
Chapter Four – Virtual Reality in Construction Industry 
53 
4.4. Examples of applications of 4D models in practice and corresponding 
benefits 
 
This section briefly discusses the applications of 4D modeling and summarizes the 
corresponding benefits. In the cases addressed below, we found that 4D models offer 
benefits on simple and complex projects, on new construction and on renovate 
projects, and at the detailed nuts and bolt level as well as for overall project phasing. 
 
4.4.1. 1995: Roof for Haas School of Business, UC Berkeley 
 
Misunderstandings between the architect, general contractor, roofing and sheet-metal 
subcontractors led to an extra cost of about US $200,000 due to low productivity and 
rework. By developing the 4D CAD models with the roofing subcontractors in less 
than 40 hours, challenges and tradeoffs of various design and schedule proposals 
could be clearly showed which facilitate the understanding of constraints between 
each others (Frohlich et al. 1997) 
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4.4.2. 1998: McWhinney Office Building, Colorado 
 
By reviewing the 4D model of this small commercial two-storey office building 
project, the possible problems due to spatial restraints or other constructability issues 
was detected. The improvements could have saved about two weeks in project 
duration. It demonstrated that 4D models have the potential to make relatively 
inexperienced users to identify problems previously overlooked in the original 
schedule. It was also effective in verifying the correctness of a schedule. It enabled us 
to verify whether a component can be physically placed or whether a crew could work 
in certain location. It also found that time-space conflict could be identified and 
accessibility problem could be anticipated as the 4D model could clearly convey the 
spatial complexities of the project (Koo et al. 2000). 
 
4.4.3. 1998-99: Paradise Pier, Disney California Adventure 
 
In this project, the 4D model was part of bid document. The owner, Walt Disney 
Imagineering (WDI) used the 4D models in pre-bid meetings with the invited general 
contractors to explain the scope and challenges of the project. The winning bid came 
in somewhat under WDI’s budget and proposed a schedule which was two months 
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shorter. WDI used the 4D models to support design and schedule reviews. It further 
leveraged its investment into the 3D model developed for the 4D model to check 3D 
sight lines and to simulate the riding experience. This project also allowed planners to 
work with the 4D model at various levels of details and make amendments to the 3D 
model and schedule in the 4D environment. The effective staging and sequencing of 
work enabled efficient use of resources and minimizes the waste of labor and 
materials (Schwegler et al. 2000) (see Figure 4).  
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Figure 4. Overall system architecture of Disney California Adventure Project (Source: 
Schwegler et al. 2000) 
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Construction projects always involve a large number of direct stakeholders (clients; 
professional design teams and construction companies) and indirect stakeholders 
(local authority; residents; workers and customers) (Hobbs and Dawood 2000). (Only 
direct stakeholders will be discussed). Yet, we have not seen how different 
stakeholders appreciate VR. In the following sections, engineers and managers from 
owners, design, and construction firms reported them at a workshop on the use of 3D 
and 4D models in the previous project in section 4.4.3. (Fischer et al. 2003). 
 
4.4.3.1. Benefits for designers 
 
In the workshop, Fischer et al. (2003) reported that participants who had used 3D 
CAD models for several years claimed that, a design documented with a 3D CAD 
model would most likely have fewer errors and coordination issues because the 
construction of the model by multiple designers forced and allowed them to reconcile 
inconsistencies. Evaluation of a design in 3D was also faster than in 2D drawings 
because reviewers could understand the scope and status of the design more rapidly. 
The participants also noted that after an initial learning curve, the overall design effort 
and design time was less than with a process using 2D drawings. Respondents used 
3D even when the client asks for 2D drawings because designer revisions were faster 
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and needed to be done only once (instead of updating plans, sections, elevations and 
details).  
 
A further benefit was the potential to eliminate construction documents. Majority of 
respondents regarded most 2D construction documents currently produced by design 
firms valueless. In many projects subcontractors fabricate parts directly from the 3D 
CAD model with numerically-controlled machines. 2D construction documents 
appeared to be rather useless in a project where the design is documented and 
associated with a detailed 3D CAD model. Designers involved in projects that used 
3D models from design through construction reported that they experienced an 
increased coordination effort during the design phase of the project followed by fewer 
requests for information during construction. Hence, designers were able to focus on 
the phase of project they enjoy most (Fischer et al. 2003). 
 
4.4.3.2. Benefits for owners 
 
Owners are, definitely, the ultimate beneficiaries of better performance by designers 
and builders from the use of 3D and 4D models. The workshop participants noted, 
however, that owners could use 3D and 4D models themselves to speed up and 
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improved decision-making and involved more stakeholders than traditionally methods. 
For instance, WDI was able to get the input from about 400 stakeholders during the 
two-month pre-bid design and construction schedule view. They were holding 
meetings with groups of eight to ten people at a time in their Computer-Assisted 
Virtual Environment (CAVE). The groups could interactively review the proposed 
design and construction schedule from any perspective and rapidly understand the 
design, schedule, and corresponding constraints (Fischer et al. 2003). 
 
In another study, consultation with housing developers identified a number of areas 
where VR could potentially achieve benefits, these included: marketing to show 
finished development to prospective buyers, planning consultations to facilitate the 
process of obtaining planning consents, and finally designed development especially 
for site layouts (Bouchlaghem et al. 2005). 
 
4.4.3.3. Benefits for builders 
 
All participants at the workshop who had labor risk on site reported that detailed 3D 
and 4D models greatly increased the productivity of crews and helped eliminate waste 
materials and resources. Even if all the other project team members were working 
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with 2D drawings, many subcontractors still elected to build a 3D model for their 
scope of work and for the related scope of work. If all the information was readily 
available, they could build the 3D and 4D CAD models to verify that no interferences 
exist and that they had all the information and materials available for construction. If 
the information to build a detailed 3D CAD model was not available, it was far 
cheaper for an engineer in the office to figure out what exactly needed to be built than 
for a crew in the field. The 3D models also supported automated quantity takeoff for 
material procurement to ensure that each crew has the appropriate amounts and types 
of materials for a given day or week’s work (Fischer et al. 2003). 
 
General Contractors (GCs) and subcontractors benefited from smooth, safe and 
productive site operations, since it contributed to the shortest and most economical 
construction period. 4D models also helped the construction team to coordinate the 
flow of work and space use on site. Contractors usually produced phasing drawings 
for a project. Typically, they were done manually, which made it difficult to 
communicate them to all the interested and affected parties in a timely manner when 
they could still be improved economically. It made updating of the phasing plans a 
chore. Furthermore, they were only produced in 2D and for a few snapshots in time, 
which made it more likely that a potential interference between trades gets overlooked. 
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Combining 3D models with schedules automatically produces 3D phasing drawings at 
the daily, weekly, or monthly level depending on the level of detail in the schedule 
and the 3D CAD model. Contractors could easily see who was working where on 
what and how the work proceeded over time and through the site. 3D phasing 
drawings automatically reflected schedule updates (Fischer et al. 2003). 
 
In summary, all workshop participants found that 4D models communicate schedules 
much more effectively than the abstract bar charts used on most projects. 
 
4.5. Summary 
 
In this chapter, the correlation between VR and construction industry is highlighted. 
Applications of VR in construction sector are addressed, with the discussion on 
extensive research projects and applications of 4D models in current practice. 
Particular benefits to the construction stakeholders will also be illustrated. To sum up, 
during conceptual design visualization can help designers work collaboratively and 
communicate ideas more efficiently. In housing development, site layout models can 
be used as a marketing tool with clients or for planning consultations with planners, at 
the same time it can improve the way house type designs are developed by design 
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teams. The creation of walkthrough models of new developments to communicate 
concepts to clients, or to check the integrity of designs in terms of clash detection 
between the services and the structure, can bridge the gap between designers and site 
teams in facilitating the exchange of information for buildability problems. 
 
In the next chapter, the maturity and uptake of VR in current construction industry 
will be discussed. Attitudes and views of different stakeholders involved in the 
construction projects will directly influence the embracing of VR. For this reason, it is 
also essential to investigate the industry climate. 
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Chapter Five – The Maturity and Uptake of 
Virtual Reality in Construction Industry 
 
5.1. Introduction 
 
In the previous chapter, we have seen that VR has matured very quickly and offers 
powerful solutions to some very difficult problems. In fact, today VR is no longer 
regards as a technology to look for an application; instead it is a solution to any 
problem that involves real-time visualization of complex 3D data.  
 
Undoubtedly, visualizing information in VR and 3D is beneficial. At present the 
benefits that visualization and VR can bring to the construction industry are fully 
appreciated by the majority of practitioners, as we have discussed in the previous 
chapters. However, VR has had a relatively slow diffusion into the construction sector 
(Bouchlaghem et al 1996). In the following sector, several researches on the uptake of 
VR in construction sector will be discussed in order to gain an extensive background 
of the research done. 
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5.2. Uptake of VR 
 
A large number of professionals in the construction sector still use 2 dimensions as a 
way of presenting design and other information. This is attributed mainly to the 
reluctance of the industry to use technologies as they have failed to identify business 
benefits that can be derived from their use. As a result, there appears to be a gap 
between the capabilities of 3D/VR-based visual information and its actual use. There 
has been a surge of research in recent years in the area of visualization in construction; 
however, most research has focused on technological advances with little 
consideration to the uptake of this type of technologies (Aouad et al. 2000). 
 
Bouchlaghem (2005) had shown that there remained a big obstacle to the full uptake 
of VR, despite the continually falling costs associated with the hardware and software, 
there existed a low compatibility between VR and the existing CAD infrastructures 
making its implementation costly due to the resource intensive task of creating the 
models (Bouchlaghem et al. 2005). 
 
New Civil Engineer (1999) had conducted an industry survey to establish current 
practice in the use of visualization tools within the construction industry. A four-page 
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questionnaire was sent to 100 organizations randomly selected from the 100 UK 
construction consultants and contractors. The survey questionnaire was designed to 
investigate the use of computer communication and visualization during the 
construction stage of medium to high-rise buildings. It focused on the use of these 
technologies within the organization and when communicating with other participants 
in the design and construction of buildings. An analysis of the results was carried out 
and can be seen in (Ganah et al. 2001). 
 
The analysis of the results showed that the use of computer visualization and 
communication was very low. The most common methods and tools used for 
communicating between design and site teams were traditional methods and tools 
such as 2-D drawings, face-to-face meetings, written statements, telephone and fax. 
They were accustomed to these methods and tools and found them easy to use. These 
methods and tools were not adequate and fast enough in communicating requests for 
information. The respondents thought that delays in obtaining information and the 
lack of adequate information during the construction process might contribute up to 
30% of the total delay in a project. 
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The most common use of computer communication was e-mail especially by site 
teams to communicate with their head office, subcontractors, and other members of 
the supply chain. The most common communication medium for designers was 
electronic data transfer. The use of other communication tools, such as virtual reality, 
Internet, and Intranet, was very low for both design and site teams. 
 
Clarification of information regarding constructability problems was carried out by 
2D drawings, written statements and face-to-face meetings. There was very low usage 
of physical and 3D models by respondents. Other methods such as rendered images, 
video animation, VR, VRML, etc. were not used at all. Respondents stated that 
construction team experience was widely used to solve design problems such as 
assembly of components interfaces, constructability problems, especially with 
cladding, services, roofs, and stairs. when they occurred. 
 
Contractors and consultants, who had used any form of visualization, realized the 
benefits that could be gained from its use in construction. Therefore they were of the 
view that the use of visualization would improve the communication of 
constructability information in construction (Bouchlaghem 1996). 
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WDI and the Center for Integrated Facility Engineering (CIFE) at Stanford University 
(1999) had conducted a workshop and summarize the benefits of 3D and 4D models 
realized by companies using such models for design and construction. Referring to 
Table 3, on the left column, specific benefits users had reported are listed, while the 
two middle columns shows who realizes the benefit and who had most control and 
influence over the information in the 4D model which necessary to realize that 
particular benefit. The column on the right shows whether the beneficiary matches the 
controlling party. Y means that it does, N means that it does not and S means 
“somewhat”, i.e. the primary beneficiary has significant control over the information 
in the 4D model necessary to realize the benefit, but other parties have some influence 
as well. Rows where the party that realizes the benefits does not match with the party 
controlling or generating the information is shown in bold. The assignments to who 
controls the data and who realizes a benefit assume a traditional project delivery 
process (Fischer et al. 2003). 
 
Fischer et al. (2003) showed that many benefits that potentially translated into 
significant time and cost savings were unlikely to be realized with a traditional project 
organization because the party benefiting from the use of 3D and 4D models was not 
in control of the information necessary to realize the benefit. 
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Benefits Realize Control Influence R=C? 
Reduce design time D D O S 
Reduce design effort D D O S 
Speed up evaluation of design D D O S 
Reduce time needed to model an 
alternative 
D D  Y 
Improve evaluation of design 
(functional sensitivity analysis) 
D D  Y 
Share work around the world 
(model-centric project teams) 
D D  Y 
Eliminate design production work D O  N 
Increase and improve information 
available for early decision making 
DO DO SGC S 
Reduce project management costs GC GC SDO S 
Improve evaluation of schedule GCS GCS D S 
Reduce number of change orders O D SGC N 
Increase number of alternatives 
studied 
O D  N 
Increase number of project 
stakeholders who clearly understand 
the project and who are able to 
provide input 
O D  N 
Shorten (simplify, streamline) 
permitting time and effort 
O D  N 
Increase concurrency of design and 
construction 
O DGCS  S 
Reduce interest costs O GC SD N 
Reduce time to make a decision O O D S 
Obtain management decision, funding O O D S 
Reduce life-cycle costs O O D S 
Maximize value to owner O SGCD  N 
Increase productivity of crews S S GCDO S 
Reduce wasted materials during 
construction 
S S GCDO S 
Reduce rework S S GCDO S 
Create complete information to build S SD  N 
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from 
Improve (verify, check) 
constructability 
SGC D  N 
Verify consideration of site 
constraints in design and schedule 
(sight lines, access, …) 
SGC D  N 
Avoid (minimize, eliminate) 
interferences on site 
SGC D  N 
Maximize off-site work 
(prefabrication) 
SGC D  N 
Increase schedule reliability SGC SGC D S 
Verify executability of GC and 
sub-schedules 
SGC SGC D S 
Shorten construction period SGC SGC DO S 
Speed up evaluation of schedule SGC SGC O S 
Increase site safety SGC SGC  Y 
Minimize in-process time in supply 
chain 
SGC SGC  Y 
Shorten site layout/surveying time SGC SGC  Y 
Improve site layout accuracy SGC SGC  Y 
Reduce RFIs SGCD D  N 
Improve portability of design SGCD D  N 
Shorten design and construction period SGCD SGCD O S 
Improve learning and feedback from 
project to project 
SGCDO O D N 
Improve effectiveness of 
communication 
SGCDO O SGCD N 
Bring new team members up to speed 
quickly 
SGCDO SGCDO  Y 
Coordinate owner, GC and 
sub-schedules 
SGCO SGCO  Y 
Keys: O = owner, D = designer, GC = general contractor, S = subcontractor. 
 
Table 3. Benefits of 3D and 4D models realized by companies using such models for 
design and construction (Source: Fischer et al. 2003) 
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5.3. Summary 
 
Every new technology will have its now shortcomings and limitations, building 3-D 
models can be a lengthy process and it is very costly for the construction of complex 
systems. Gahegan (1997) listed four types of problems when generating visual images: 
rendering speed, the effects of the visual combination, the size of the space solution, 
and the user orientation (Gahegan et al. 1997). It is required to realize the barriers of 
implementation of VR and constraints of different stakeholders in order to bring real 
commercial benefits to the industry. In the next chapter, methodologies will be 
formulated to carry further studies on the feasibility of VR in commercial construction 
in Hong Kong.
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Chapter Six – Research Methodology 
 
6.1. Rationale of the Research  
 
This research intends to explore the background of an emerging information 
technology – virtual reality and identifies the potential of embracing virtual reality in 
construction sector and the corresponding benefits to different stakeholders. This 
research also intends to examine the maturity and uptake of virtual reality in 
construction sector and explore the commercial climate of adopting this technology. 
An analytic framework of factors affecting the adoption of virtual reality in 
construction sector will be developed by employing multiple empirical case studies. 
 
6.2. Instruments 
 
Primary and secondary data would be used in this research. For primary data, 
information concerning the use of virtual reality technologies within the construction 
sector, the perceived benefits and impediments to using 3D models in the 
management of construction would be elicited from semi-structured interviews. 
Interview survey was chosen as the main method for data collection in this research, 
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because it provided a fast response rate, good quality and the ability to interact with 
the interviewees which was crucial for qualitative analysis of data. Furthermore, 
multiple case studies would be conducted to test the reality and viability of the 
analytical framework of pattern of use of VR in construction sector. 
 
Secondary data were mainly used to collect the information about the background and 
developments of VR. Relevant literature relating to the applications of VR in foreign 
countries and research projects of VR systems were reviewed. The literature included 
books, articles, journals, conference papers, theses, dissertations, online materials and 
publications from various relevant organizations and institutes. 
 
6.3. Design of the Research  
 
The design and structure of the research based on the rationale of research will be 
discussed in the following section.  
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6.3.1. Literature Review and Background of the Research 
 
Firstly, to develop an understanding on the overview of VR technology, VR 
applications in various industries, relevant research projects, current practice in 
construction sector and the corresponding maturity, benefits and limitations on using 
VR. Secondly, to help gaining an insight in the patterns of use of VR in construction 
sector, in order to develop a theoretical model on these patterns, which would be used 
to consider the empirical data on the use of VR across the multiple case studies 
afterwards. 
 
The local literature were largely concerned on the surveys of use of information 
technology in Hong Kong while foreign literature have larger scope and more 
in-depth studies on numerous topics of VR which involved both theoretical and 
empirical. Comprehensive review of literature was presented in Chapter 2 to 5 to 
provide background information and insights concerning previous studies and related 
issues. 
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6.3.2. Interview 
 
Interviews would be divided into two modules. The primary aim of the first module 
was to investigate the current practice of using VR in construction sector and the 
perceived benefits and impediments from potential end-users of VR in the 
management of construction. The research effort focused on the construction related 
firms in the industry involved primarily in building construction which operated as 
architects, housing developers, construction contractors or consultant engineers, and 
were based in Hong Kong.  
 
Data were collected through semi-structured interviews which aimed at collecting 
comments on the maturity of current use of VR and the respective opinions on 
barriers and constraints on implementation. Furthermore, it intended to gain the 
insights of the expectations on the uptake of VR in construction projects in the future. 
Whenever possible, interviews were taped and transcribed, and in other cases 
extensive notes were taken. The information elicited from the interviews of various 
practitioners of construction sector would be presented and discussed in chapter 8. 
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The second module aimed to investigate the perceived benefits of VR from the 
perspectives of practitioners, explore the applicability of VR (3D visualization, virtual 
walkthrough and 4D CAD) in the Hong Kong construction industry, identify the 
degree of friendliness of system architecture and collect general comments towards 
the efficiency and effectiveness of the system. The research effort of this module 
focused on different professionals and practitioners with construction supervisory 
experience. The survey consisted of quantitative questions pertaining to 2 
demonstration of use of VR. The primary aim of this survey was to gather information 
about the impression and evaluation on the system demonstrated. 
 
On the basis of information developed through the literature review, one set of 
evaluation questionnaire has been prepared. According to Bell (2005), all 
data-gathering instruments should be piloted to test how long it takes recipients to 
complete, to check that all questions and instruments are clear and to remove any 
items which do not yield usable data. 
 
The questionnaire was amended according to the comments and observations made 
after the preliminary interviews. Two types of amendments were made including the 
restructuring of the questions and rewording to ensure clarity and understanding.  
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The responses to the questionnaire directly satisfied the objectives of the study in 
relate to the evaluation on the 2 VR systems demonstrated and the expectations on 
them.  
 
In the first demonstration, a brief description of the system’s architecture was given to 
the interviewees together with how the system could benefit in various area which 
included, but are not limited to the clarification of design information, facilitation of 
communication between designers and contractors, understanding of assembly of 
building components etc. Two demonstrations would then be presented to the 
interviewees. The first one was a visualization model of a typical floor in a 
commercial building, which was built by a consultant firm for the presentation to 
client (see appendix 5). The second demonstration was a sample of 4D CAD on the 
same project which focused on the visualization of the constructed product over the 
period of its construction by animating the transformation of space over time. This 
was accomplished by linking a 3D CAD model representing the complete product 
design and a construction schedule (see appendix 6). Finally a discussion took place 
where the interviewees asked questions relating to the two systems and the research 
project. The interviewees were invited to ask questions on the system. At the end of 
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the evaluation session, the questionnaire was handed out for feedback. Sample for the 
questionnaires were attached in Appendix 1 & 2. 
 
Respondents were requested to answer the questions sequentially and they were 
required not to revise their answers by returning to previous questions. Furthermore, 
they were informed of the confidential nature of the responses, information provided 
would not be disclosed or used for any other purposes. The responses were felt to be 
in the intended spirit.  
 
6.3.2.1. Survey Questionnaires (3D Visualization demonstration) 
 
Evaluators (Interviewees) were requested to indicate the rating (out of 5), where “1” 
represents “bad”, “2” represents “fair”, “3” represents “good”, “4” represents “good” 
and “5” represents “excellent”.  
 
Refer to appendix 1, the survey questionnaire was divided into 5 sections. Section A 
included 5 questions which aimed at investigating the effectiveness of 3D 
visualization in communicating constructability information. Respondents were 
requested to indicate the score on whether the system can help in clarifying the design 
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information, understanding assembly of building components and supporting the 
communication between designers and contractors. Section B contained 5 questions 
which intended to identify the applicability of 3D visualization to construction 
industry. Respondents were asked to score the questions included conflicts clarifying 
ability and speed of information flow of the system. There were 2 questions in section 
C, which aimed at investigating the management of the system. Respondents were 
required to give rating on questions about the ease of use. There was only one 
question in section D which targeted on evaluating the efficiency of the system after 
the demonstration. Section E contained 3 questions which intended to collect the 
general perceptions to the use of computer and feedbacks of the system. 
 
6.3.2.2. Survey Questionnaires (4D CAD demonstration) 
 
The structure of this questionnaire was similar to the previous one which divided into 
5 sections. Refer to appendix 2, section A included 8 questions which aimed at 
investigating the effectiveness of 4D CAD in communicating construction schedule 
information. Respondents were requested to indicate the score on whether the system 
can help in understanding the interaction of various resources, verifying the 
consideration of site constraints in schedules, improving the site layout accuracy and 
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avoiding the interferences on site etc. Section B contained 4 questions which intended 
to identify the applicability of 4D CAD to construction industry. Respondents were 
asked to score the questions included the appropriateness of 4D CAD tools used and 
the ability to address and evaluate the construction schedules. Other sections are 
similar to the previous questionnaire. 
 
6.3.3. Analytic Framework 
 
Based on the literature and interviews results, factors affecting the adoption of virtual 
reality were generalized. Whyte (2003) suggested that the scale of projects and the 
extent of design reuse will affect virtual reality adoption and its degree of uptake 
within the sector. There were considered using a matrix of four types of projects as 
shown in the figure below: 
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Figure 5. Matrix of factors affecting the adoption of virtual reality in construction 
projects (Source: Whyte 2003) 
 
The lower left quadrant represented the same unique projects such as the architects 
designed housing. The lower right quadrant represented the large unique projects 
which were design intensive developments with many subsystems such as university, 
shopping mail, airport etc. The upper left quadrant represented the small projects with 
design reuse which included office fit-outs and standard housing developments. The 
upper right quadrant represented the large projects with design reuse where the same 
company or group of companies worked on many large projects, reusing design effort 
across the projects. 
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With the help of matrix of different types of projects, Whyte (2003) developed a 
theoretical model describing the patterns of adoption of VR in construction industry 
as shown in the figure 6.  It was proposed that an increase in project scale or the 
extent of design reuse will make the adoption of virtual reality more attractive. On the 
other hand, the benefits of using virtual reality did not outweigh the costs if the 
project scale was too small or has low design reuse practice. 
 
In the figure, the light grey area represented projects on which was theoretically 
beneficial to use virtual reality, line A was the point at which the benefits stop 
outweighing the costs and below this point it was not theoretically beneficial to use 
virtual reality. When the applications (hardware and software costs) became cheaper 
and less processor (modeling time) intensive, however, this point may move (to a 
position such as line B). This theoretical model would be used to consider the 
empirical data on virtual reality use across the Hong Kong construction sector and 
conclusion on the adoption pattern would be drawn to fit the Hong Kong construction 
climate. 
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Figure 6. Theoretical model of the patterns of adoption of VR in construction industry 
(Source: Whyte 2003) 
 
6.3.4. A multiple case study 
 
A multiple case study of design, engineering and construction organizations are then 
used to investigate the adoption and implementation of VR across the construction 
sector in Hong Kong. The results of this multiple case study are used to judge the 
reality and modify the analytic framework. 
 
Though there are limitations to the study, set by the small sample size, a quantitative 
approach with a statistically significant sample would not shed light on the 
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phenomenon under investigation as there are only small pockets of virtual reality use 
within the Hong Kong construction sector. 
 
6.3.5. Subject Population 
 
In order to collect views from practitioners and professionals in different aspects 
about the current practice of using VR in construction sector and the perceived 
benefits and impediments from potential end-users of VR in the management of 
construction. Interviewees were selected from two groups of people. The first group 
consisted of 11 practitioners from construction related firms in the industry involved 
primarily in building construction which operate as architects, housing developers, 
construction contractors or consultant engineers, and were based in Hong Kong. This 
group of practitioners consisted of a wide range of professionals who worked in the 
construction industry for many years in different positions including IT experts, 
project managers, architects, building services engineer and electrical engineers. The 
second group consisted of 7 researchers in Department of Real Estate and 
Construction at University of Hong Kong and other education institutions. Most of 
them had either architectural, engineering or construction management backgrounds 
that possess adequate experience in building design and construction. They had been 
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actively involved in industrial practice and had close connection with practitioners 
making them fairly representative of the potential users of the VR systems. Therefore, 
the experience and specializations of the participants was considered to be adequate to 
enable an objective assessment of the system. 
 
Interviewees from practitioners’ group are summarized as follows: 
Position Area of experience 
Senior Construction Manager Building, Project Management 
Senior Project Coordinator Building, Project Management 
Contracts Manager Building, Project Management 
Executive Building Service Engineer Building Services 
Senior Engineer Project Management 
Building Services 
Manager of Project Planning and 
Development 
Project Management 
Research Assistant Professor Architecture 
Associate HKIA 
E&M CAD Manager Visualizations (3D), Electrical Engineer 
Technical Director Visualizations (3D) 
Building Surveyor Authorized Person 
Building 
Principal Safety Consultant Safety auditing 
Table 4. Interviewees from practitioners’ group 
 
The case studies were summarized as follows: 
Project Developer Contractor 
One Island East Swire Properties Limited Gamon Construction 
Limited 
KCR West Kowloon 
Station 
KCRC Gamon Construction 
Limited 
Bel-Air No.8 Pacific Century Premium - 
Chapter Six – Research Methodology 
85 
Developments 
Hong Kong Football Club Hong Kong Football Club - 
Residential block in Sai 
Kung 
- - 
Table 5. List of case studies 
 
6.3.6. Data Collection 
 
Request for interview letters were sent to various firms. For the discipline of 
architecture, 35 architectural firms were selected randomly from a total of 179 from 
“HKIA Directory 2003”. For engineering firms, a total of 30 companies were selected 
under the category of “Construction, Decoration & Engineering Contracting” in “The 
HKIE Yearbook 2002”. For the general contractors, a total of 40 building contractors 
under Group NW1 and NW2 of Housing Authority List of General Contractors were 
selected. Request for interview emails were sent to various researchers who possess 
the architectural, engineering or construction management background. 13 
respondents were reply and 6 interviews were conducted. 
 
In the first module, semi-structured interviews from 30 minutes to 45 minutes were 
carried out with various target groups. The interview progress mainly consisted of the 
elements of structured list of specific questions related to the research topics. The 
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interviewer attempted to be objective and tries not to influence the interviewer's 
statements. The interviewer would not share his own beliefs and opinions. In certain 
circumstances, questions were adjusted according to how the interviewees were 
responding. In the second module, two demonstrations would be presented. After the 
demonstration, the interviewees were invited to ask questions on the system. At the 
end of the evaluation session, the questionnaire was handed out for feedback. 
 
Prior to the multiple case studies conducted, invitation for site visits and interviews 
were sent by mail or telephone. The target groups are based on the analytic 
framework of different projects types. Extensive data on the projects commencing or 
completed was collected through site visits and interviews. Decisions regarding what 
data to collect next were taken using data collection and analysis in order to 
developing emerging theory.  
 
6.3.7. Analysis Methods 
 
Hermeneutic method was employed in analysis of the results from the interviews. 
Inter-relationship, contradictions and consistencies between statements made by 
interviewees and the literature were studied. The whole picture given by the 
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interviewees and the relationship to individual statements were explored in the 
qualitative research approach for the research purpose.  
 
For the interview surveys, empirical study was carried out after the surveys to elicit 
information about the evaluation of the 3D visualization and 4D CAD systems, 
applicability to the construction industry, efficiency and management of the system 
and general acceptance of the systems. The responses to the questionnaires were 
analyzed were analyzed based on the rating given by the respondents to each 
questions. An average rating given by researchers and practitioners would be 
calculated and subsequently used to obtain the overall average rating for each 
questions. Objectives of the questionnaire could be analyzed by the overall average 
rating. The average score and distribution of scores were studied together to analyze 
the results from the questionnaires. All results were analyzed in a scientific manner, 
graphic and tabulated results from calculated distribution of responses would be 
produced for the ease of analysis. 
 
For the theoretical model developed, it would be testified under the empirical findings 
in the multiple case studies. The correspondence of the theoretical model and findings 
would be compared in order to modify the models. 
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Chapter Seven – Questionnaire Survey Results 
 
As mentioned in the previous chapter, we have two set of interview surveys which 
targeted both professionals and practitioners. 
 
7.1. Questionnaire on the Evaluation of 3D Visualization Demonstration 
 
7.1.1. Report on Data Collection and Recruitment 
 
The interview survey was conducted from the period of December 2006 to March 
2007. The first group consisted of 7 researchers and the second group consisted of 11 
practitioners from architectural and engineering consultancy firms and general 
contractors. The specialization and experience of the industry practitioners and 
researchers can be found in section 6.3.5. Raw data of the questionnaires collected are 
attached in appendix 3. Static images of the demonstration are captured for readers’ 
reference (see appendix 5).  
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7.1.2. Key Findings 
 
7.1.2.1. Constructability information communication 
 
The responses to the question on the evaluation of 3D visualization in constructability 
information communication are illustrated in Table 6.  
 
Table 6. Summary of evaluators’ response to the evaluation questionnaire (3D Visualization) (Part A) 
Evaluators Rating (out of 5) Questions (3D Visualization Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
A) Constructability information communication 
1 How well does the system facilitate the 
clarification of design information / 
details? 
4.3 4.0 4.2 84% 
2 How well does the system support the 
communication between designers and 
contractors? 
3.3 3.1 3.2 64% 
3 How well does the system help in 
understanding how components can be 
assembled? 
4.4 4.0 4.2 84% 
4 How well does the system help in 
clarifying the interfaces between 
components? 
4.1 4.0 4.1 82% 
5 How well does the system complement 
the paper-based communication tools? 
4.4 4.0 4.2 84% 
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The rating of the questions in the questionnaire showed that 3D visualization could 
perform the function for which it was designed. All the participants in the evaluation 
were generally satisfied with the effectiveness of the system in clarifying design 
information, interfaces between components and the assembly of components. The 
relatively low rating (64%) for the questions on effectiveness of the system in 
supporting the communication between designers and contractors was probably due to 
ambiguity of the term “communication” and lack of understanding of how the 
collaborative communication work within 3D visualization works. 
 
7.1.2.2. Applicability to the construction industry 
 
The responses to the question on the evaluation of 3D visualization in applicability to 
the construction industry are summarized in Table 7.  
 
Table 7. Summary of evaluators’ response to the evaluation questionnaire (3D Visualization) (Part B) 
Evaluators Rating (out of 5) Questions (3D Visualization Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
B) Applicability to the construction industry 
6 How well does the system address the 
poor design details? 
3.9 4.4 4.2 84% 
7 How well does the system clarify 
conflicting design information? 
4.6 4.4 4.5 90% 
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Evaluators Rating (out of 5) Questions (3D Visualization Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
8 How well does the system increase the 
speed of the information flows during 
the construction? 
3.0 3.2 3.1 62% 
9 How convinced are you that 
construction industry professionals will 
accept the system? 
3.9 4.2 4.1 82% 
 
Most of the respondents who took part in the evaluation were impressed by the 3D 
visualization on building services to clarify the conflicting information. Both of the 
industry practitioners and researchers believed that it would be very beneficial for 
people who currently use computer visualization to identify interferences of building 
components and highlight poor design information. More than half of the respondents 
believed that there should be no limit to the system in performing functions like 
clarifying conflicting information provided that the system could work properly to 
pick up defects. A relatively low rating (62%) for the question on the effectiveness of 
the system in increasing the speed of the information flows was possibly attributed to 
availability of different software. Many respondents stated that whether the speed of 
information could be increased was subject to particular software. The rating of 
question 9 (82%) showed that most of the respondents, especially those who using 3D 
modeling, were convinced that the industry professionals would accept 3D 
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visualization. Portion of the participants believed that the extent of adoption of 
visualization was subject to the turnover of project. 
 
7.1.2.3. Management of the system and general issues 
 
The responses to the question on the evaluation of management of the system and 
general issues are summarized in Table 8.  
 
Table 8. Summary of evaluators’ response to the evaluation questionnaire (3D Visualization) (Part C 
& D) 
Evaluators Rating (out of 5) Questions (3D Visualization Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
C) Management of the system 
10 How easy is the system to use? 2.6 2.5 2.6 52% 
11 To what extent is the level of details of 
the system? 
3.1 3.2 3.2 64% 
D) General 
12 How confident are you with 
computers? 
4.6 4.6 4.6 92% 
13 How generic do you consider the 
system to be? 
4.0 4.2 4.1 82% 
14 What is the overall rating of the 
system? 
4.0 3.8 3.9 78% 
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The comparatively low rating (52%) on the ease of use of the system showed that 
most of the respondents found difficulties in manipulating the visualization program. 
Many respondents expressed that their computer literacy in 3D modeling was 
inadequate to master the modeling software (It is worth to mention here that we are 
talking about the modeling process instead of the control of the output product). The 
other question that also received low scores (64%) related to the level of details of the 
3D visualization. On this point, the majority commented that the 3D model was built 
to scale and precise to the real object, however the level of details was average, and 
they noted that it was subjected to the time and software for modeling. A high rating 
(92%) was observed for the computer literacy of the evaluators. Most of the 
participants asserted that they were confident in operating conventional computer 
software. The evaluators considered the generality of the system to be high. Generally 
speaking, they judged the performance of the system to be satisfactory (78%).  
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7.2. Questionnaire on the Evaluation of 4D CAD Demonstration 
 
7.2.1. Report on Data Collection and Recruitment 
 
The interview survey was conducted from the period of December 2006 to March 
2007. The first group consisted of 7 researchers and the second group consisted of 11 
practitioners from architectural and engineering consultancy firms and general 
contractors. The specialization and experience of the industry practitioners and 
researchers can be found in section 6.3.5. Raw data of the questionnaires collected are 
attached in appendix 4. Static images of the demonstration are captured for readers’ 
reference (see appendix 6). 
 
7.2.2. Key Findings 
 
7.2.2.1. Construction schedule information communication 
 
The responses to the question on the evaluation of 4D CAD in construction schedule 
information communication are illustrated in Table 9.  
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Table 9. Summary of evaluators’ response to the evaluation questionnaire (4D CAD) (Part A) 
Evaluators Rating (out of 5) Questions (4D CAD Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
A) Construction schedule information communication 
1 How well does the system support the 
communication of spatial and temporal 
aspects of construction schedules? 
3.3 3.2 3.3 66% 
2 How well does the system help in 
understanding how various resources 
are interacted? 
4.4 4.2 4.3 86% 
3 How well does the system help in 
checking and verifying the 
constructability problems? 
4.4 4.4 4.4 88% 
4 How well does the system help in 
verifying the consideration of site 
constraints in design and schedule (e.g. 
sight lines, access …)? 
4.4 4.3 4.4 88% 
5 How well does the system help in 
avoiding the interferences on site? 
4.4 4.7 4.6 92% 
6 How well does the system help in 
improving the site layout accuracy? 
4.3 4.1 4.2 84% 
7 How well does the system help in 
improving the site safety? 
3.1 2.8 3.0 60% 
8 How well does the system help in 
shortening the design and construction 
period? 
3.3 3.6 3.5 70% 
 
Most of the respondents were impressed by 4D CAD demonstration. They indicated 
that 4D CAD had more potential than simulated construction animation as users could 
navigate through the model and interact with it. Similar to the 3D visualization 
evaluation, a relatively low rating (66%) was recorded for the question on the 
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effectiveness of the system in supporting the communication of spatial and temporal 
aspects of construction schedules (This result contradicts with the case study result 
which will be discussed in section 9.2.1.). This may be resulted as respondents could 
not image and understand how communication could work within the 4D CAD and 
another reason was the ambiguity of the term “communication”. Both researchers and 
practitioners indicated that the 4D CAD could help to understand the interaction of 
resources, verify constructability problems, avoid interference and improve site layout 
accuracy. This findings was consistent with the past researches and literatures. The 
highest scores (92%) was received for the effectiveness to avert interference in site, 
which was also one of the major contribution of virtual reality identified by 
practitioners (see chapter 8 & 9). Concerning the potential for 4D CAD in improving 
site safety, a low rating (60%) was received. Most of the respondents could not relate 
virtual reality with construction safety and thus unable to identify possibly application 
in safety issues. Some of them addressed the potential for the use of 4D CAD in 
safety purposes like risk assessment and hazard identification during the virtual 
walkthrough, but they highlighted the implementation difficulties in real situation. A 
satisfactory rating (70%) was given to the question on the effectiveness of the system 
in shortening design and construction period. Most practitioners agreed that time 
could be saved by reducing rework. 
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7.2.2.2. Applicability to the construction industry 
 
The responses to the question on the evaluation of 4D CAD in construction schedule 
information communication are illustrated in table 10. 
 
Table 10. Summary of evaluators’ response to the evaluation questionnaire (4D CAD) (Part B) 
Evaluators Rating (out of 5) Questions (4D CAD Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
B) Applicability to the construction industry 
9 How well does the system address the 
construction schedules? 
4.3 4.4 4.4 88% 
10 How well does the system facilitate the 
evaluation of construction schedules? 
4.3 4.3 4.3 86% 
11 How convinced are you that 
construction industry professionals will 
accept the system? 
3.4 3.3 3.4 68% 
 
Most of those who took part in the evaluation agreed that 4D CAD complement 
conventional 2D drawings and text information in addressing the construction 
schedules (88%) as they could visualize the implementation sequencing and 
interaction of different components. Some of the respondents supplemented that if the 
level of detail of the 4D CAD could be increased to an extent like incorporating the 
implementation of services, it would be advisable for main contractors to coordinate 
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the work of various subcontractors. The other question that received similar scores 
(86%) was the one related to the effectiveness of 4D CAD in facilitating the 
evaluation of schedules. Both researchers and practitioners agreed that if construction 
schedules could be visualized by 4D CAD, site teams could carry out the 
corresponding evaluation more quickly and accurately. Most of the respondents stated 
that the work breakdown hierarchy should be properly presented for users to 
understand the logic of schedule. However, limitation and difficulties were identified 
in determining the level of detail of a master schedule through CPM format. 
According to some users of 4D model, they could identify inconsistencies in the level 
of detail among the schedule’s activities quickly and were able to determine what 
level of detail was appropriate. Regarding the usability of 4D CAD in construction 
industry, a low rating (68%) was received from both disciplines. On this point, some 
of the respondents commented that investment in computer visualization was the field 
with least return. Other respondents explained that the low acceptance was because 
most of the decision makers in the industry came from paper-based school. 
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7.2.2.3. Management of the system and general issues 
 
The responses to the question on the evaluation of management of the system and 
general issues are summarized in table 11.  
 
Table 11. Summary of evaluators’ response to the evaluation questionnaire (4D CAD) (Part C & D) 
Evaluators Rating (out of 5) Questions (4D CAD Demonstration) 
Researcher 
Average 
Practitioner 
Average 
Overall 
Average 
 
Overall 
% 
C) Management of the system 
12 How easy is the system to use? 2.6 2.5 2.6 52% 
13 To what extent is the level of details of 
the system? 
2.9 2.8 2.9 58% 
D) General 
14 How generic do you consider the 
system to be? 
4.0 4.2 4.1 82% 
15 What is the overall rating of the 
system? 
4.0 4.3 4.2 84% 
 
Once again, most of the evaluator found difficulties in manipulating the system. 
According to their experience, they found that the difficulty to master the program 
was subject to particular software, where some was user-friendly and some was 
complicated to use. A low rating (58%) was recorded for the level of details for the 
system, some evaluators found that the activities representing the exterior components 
were not detailed enough to represent the sequence of work for the foundation and 
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exterior framing of the building. Also, the schedule was not detailed enough in 
describing the interior installations. Most participants considered the 4D CAD to be 
generic and in general, both of the evaluation groups judged the performance of the 
system to be good (84%). 
 
7.3. Summary of the interview survey results 
 
Generally speaking, the evaluation could be regarded a success. The evaluation results 
had shown the expectation of various construction professionals towards the 
effectiveness, applicability and general management of the system. Although the 
subject population was inadequate to reflect the entire construction culture, however it 
could provide us a preliminary understanding on the performance of the system and 
pattern of use of virtual reality currently. The data obtained was valuable to deduce 
the analytical framework (see section 6.3.3.) which would be empirically tested by 
multiple case studies in the latter chapter. Overall, experts in the construction industry 
and the researchers who participated in the system evaluation had rated the 3D 
visualization and 4D CAD performance as good. 
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Chapter Eight – Interview Results 
 
8.1. Report on Data Collection and recruitment 
 
Interviews were conducted from the period of November 2006 to March 2007. 
Interviewees are representatives from construction related firms in the industry 
involved primarily in building construction which operates as architects, housing 
developers, construction contractors or consultant engineers, and are based in Hong 
Kong. They include Mr. C. Y. Kei, Senior Construction Manager of Hsin Chong 
Construction Company Limited; Mr. Henry Ng, Senior Project Coordinator of Hsin 
Chong Construction Company Limited; Mr. Andrew Fan, Contracts Manager of 
Gammon Construction Limited; Mr. Vincent Fung, Executive Building Service 
Engineer of Hsin Chong Construction Company Limited; Mr. Ng Wai Keung, Senior 
Engineer in Consultants Management Division of Drainage Services Department; Mr. 
Roger Nissim, Manager of Project Planning and Development Department, Sun Hung 
Kai Properties; Dr. Josie Close, Research Assistant Professor of University of Hong 
Kong; Mr. Steve Anderson, E&M CAD Manager of Balfour Beatty E&M Limited; 
Mr. Kareem Magill, Technical Director of Consult 3D Limited; Mr. Lee Kin Yee, 
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Building Surveyor of Buildings Department (Authorized Person); Dr. Raglan Lam, 
Principal Safety Consultant of Raglan Power Safety Consultants Limited.  
 
Interviews from a group of researchers in Real Estate and Construction Department at 
University of Hong Kong were also conducted. They had construction management 
background and process adequate experience in building design and construction. 
They included Prof. Fellows, R.F., Mr. Yates, D.J. and Mr. Barima, O.K. 
 
8.2. Key Findings 
 
In the interview, the application of virtual reality in construction sector was explored, 
their perceived benefits and impediments of the adoption of virtual reality during 
design and construction phase was also investigated. In the following, I would like to 
organize the results of interviews in an interviewee-based format in order to let the 
reader has a clear picture on the expectation and attitude of different stakeholders 
towards this issue. 
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8.2.1. Construction contractors’ perspective 
 
According to Mr. C. Y. Kei, Senior Construction Manager of Hsin Chong 
Construction Company Limited, he stated that there existed the practice of using 
virtual reality in his company, mainly in the identification of conflicts in building 
services since it involved lots of service pipelines which was more effective to 
identify under 3D models. Mr. Kei stated that in one of his project in charged recently, 
they used 3D modeling to check interferences between E&M services an eventually 
they obtained a desirable outcome. He claimed that he was convinced by this 
technology that it could clearly and accurately reflect the real situation, as a result, if 
they could identify problems in the virtual models, time could be saved in real 
construction. Also, he regarded that the adoption of virtual reality in construction is a 
trend for the coming years where the speed of diffusion depended on the company’s 
level of technology in terms of labor and machinery. He believed that the resources of 
existing large scale contractors were adequate and possible to embracing virtual 
reality into their budget. 
 
Mr. Henry Ng, Senior Project Coordinator of Hsin Chong Construction Company 
Limited, claimed that using 2D drawings could give a very clear understanding on the 
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spatial arrangement of the room. For example, if they want to clarify the location an 
electric socket, 4 elevation plans together with floor plan and ceiling plan for each 
single room would be produced. Subcontractors would then coordinate with each 
others, and drawings would be passed to different consultants like architect and 
building services engineer for verification. After the drawings were proved, the 
chance of making mistakes would be very little. Therefore, 2D drawings could 
provide a very effective means to get the work done accurately. Mr. Ng agreed that 
3D models could be advantageous for layman to understand complex assembly of 
building components, however, it had certain limitations. Urgency of projects was one 
of the considerations in using 3D visualization. For some imperative tasks which 
require instant response, 3D models would not be rapid enough to facilitate the 
communication immediately. For clarifying the construction details and briefing the 
workers on programmes, Mr. Ng stated that their practice was to construct a mock-up 
(e.g. a typical floor) and invited different parties to evaluate it. He noted that this 
could provide even more functions than 3D visualization, for example, stakeholders 
could definitely understand better form the real construction site than computer screen, 
this could also be regarded as the standard of quality and workmanship of the final 
product, thus different stakeholders could express their opinions critically. Mostly 
importantly, the mock-up would eventually become the permanent part of the building, 
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thus the schedule of construction would not be interrupted. Mr. Ng stated that they did 
not have the practice of using virtual reality in visualizing the building services 
coordination. For example when constructing the corridor of a hotel, the headroom 
was very narrow and restricted the number of building services in between them. For 
the most complex areas, they would use a section plan to coordinate the building 
services, and for some extreme cases, they need to consider the relocation of services. 
Instead of building a 3D model, there would rather choose to produce more sector 
plans to overcome this difficulty. My. Ng stated that in his point of view, the greatest 
contribution of virtual reality was the post-construction maintenance work. The 2D 
drawings would be delivered to the end-users after the construction was completed. 
The property management team may not have the ability to interpret the drawings into 
a three-dimensional mental image to implement the maintenance scheme. It would be 
more convenience for them to have a 3D model instead of 2D drawings to design the 
building maintenance program and evaluate the performance of different construction 
materials. 
 
Mr. Andrew Fan, Contracts Manager of Gammon Construction Limited stated that the 
roots of virtual reality concepts could be traced back to the aerodynamics with the 
development of the most known virtual reality application which was the familiar 
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flight simulator. He stated that they were using virtual reality on a recent project 
(further discussed in the next chapter) for scheduling construction and hoped to 
improve the product and reduce waste in the process. Identifying clashes and errors 
early in the process was an important motivation for their use of virtual reality as they 
could be responsible for rework on site. By investing the capital the client intended to 
save on construction costs. In this commercial office tower project, they engaged a 
consultant firm to convert 2D CAD drawings into 3D CAD model, and imported these 
CAD data and project documents (i.e., CPM-based bar chart schedule of master plan, 
2D drawings, and pictures of specific stages of construction) into a 4D-simulation 
application which allowed users to link the activities with their related components. 
Once the 4D model was built, they could evaluate the project plan with the 4D model. 
By viewing the model, possible problems due to spatial restraints or other 
constructability issues could be detected. Mr. Fan stated that the use of 4D CAD was 
still in its infancy, practitioners were still using conventional CPM-based bar chart 
schedule as mainstream (see chapter 9 for more details). 
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8.2.2. Consultant engineers’ perspective 
 
Mr. Vincent Fung, Executive Building Services Engineer of Hsin Chong Construction 
Company Limited, regarded that there was not many opportunities for practitioners to 
use 3D visualization. One of the uses was acting as an “advertisement” in the bill 
during the tendering stage which was used to present the ideas to clients. He stated 
that Architect was the major user of virtual reality, who used 3D visualization or 
virtual walkthrough to communicate the interior design and effect (e.g. spatial, 
lighting etc.) to clients. However, the real operations of construction still heavily 
depended on the dimensions and orientation provided by 2D drawings. He claimed 
that the costs of modeling was high and mostly it could not outweigh the benefits. 
Also, the materials, dimensional and time must be adequate to complete the modeling, 
thus it may not be applicable in fast moving and tight construction schedule in Hong 
Kong. For example, the current practice usually allows 3 months to produce all the 
construction drawings for projects with one to two years duration. In order to identify 
all the clashes within various building services, all services plans would be required to 
incorporated into the 3D models which were impossible and unrealistic in practice. 
Mr. Fung noted that there were always faults in construction and many things were 
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subjected to change. He argued that whether the use of virtual reality could become 
conventional relied on how great commercial profits it could bring. 
 
According Mr. Ng Wai Keung, Senior Engineer in Consultants Management Division 
of Drainage Services Department stated that for their existing technology, they could 
only use several 2D sections to visualize manually the design of a sewage treatment 
plant. The complexity of such structures would greatly defy the imagination of final 
product. Problems would be eventually arisen when builders carried the work on site. 
He claimed that such structures would be impossible to build with the complexity 
increased continuously. There was an example of applying 3D modeling technology 
to design, construct and manage the Changi Water Reclamation Plant in Singapore 
(refer to www.pub.gov.sg/dtss). In the past, people would produce different sets of 2D 
drawings and 3D models would be rendered if necessary, however, a different 
approach was adopted in this project. A 3D model was built and developed in the 
early stage, contractors would output sections and elevations plan necessary for 
construction directly from the 3D model. This trend had gradually replaced the 
principal position of 2D drawings to 3D models. Concerning the adoption of virtual 
reality, Mr. Ng stated that lack of talents was still the major impediments to this. 
Although the computer hardware could sufficiently support the rendering of 3D 
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images nowadays, the number of people who could master the 3D modeling 
technology was not enough to sustain the adoption. Notwithstanding the consultants 
could provide the modeling services for contractors, the market was still very small. 
 
8.2.3. Real estate owner and developers’ perspective 
 
Mr. Roger Nissim, Manager of Project Planning and Development Department, Sun 
Hung Kai Properties stated that they initially invested in virtual reality for site layout. 
They became interested in using it at customer interface which enabled them to sell 
properties from plan. Especially for the pre-sale stage, customers could visualize the 
final product of the development and had more confidence to purchase flats while did 
not solely base on their imagination. Mr. Nissim noted that this would be a major 
advantage for the developer as it could reduce risk of speculative development and get 
press coverage. 
 
8.2.4. Architects’ perspective 
 
According to Dr. Josie Close, which had worked as an Architect for many years, she 
noted that the use of virtual reality in construction could definitely help the 
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construction team in various areas, for example, as an assistant to improve the quality 
of workmanship, to reduce rework of complex building components and to help 
visualizing the integration of services and building which could not be achieved by 
normal physical models, thus it could effectively identify the overlapping of various 
components. She stated that it took a significant amount of time and effort for 
modeling the construction components, which was the major impediment in using 
virtual reality. Also, under the tendering system, contractors would like to lower their 
tender price in order to win the bid, this would also reduce the incentive in using 
virtual reality. 
 
8.2.5. Suppliers’ perspective 
 
Mr. Steve Anderson, E&M CAD Manager of Balfour Beatty E&M Limited was 
responsible for the E&M modeling of One Island East in Tai Koo. During the 
modeling, he would transfer the 2D drawings to 3D models which were able to 
highlight the design problems and tackle them immediately. He noted that the most 
contribution that virtual reality could bring to this project was the ability to review 
building services and sequences of work. This could effectively avoid the congestion 
of services and builders’ work. This could also provide access to building 
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maintenance and give demonstration to clients in an early stage. For clients, it was a 
good opportunity to see what he would get before the commencement of construction. 
To sum up, the use of virtual reality could eventually reduce the material waste and 
engineering time. Mr. Anderson stated that the costs of 3D modeling was enormous 
which would be the major impediments for clients to consider using virtual reality, for 
instance, around 6 millions was spent on this project for software, hardware, labor and 
consultant fees. He noted that in most cases clients could see the benefits, however 
they couldn’t quantify the benefits and figure out how much they could gain from 
them. Therefore, it would hinder them to consider using it (Further details would be 
discussed in the case study of One Island East in the next chapter). Concerning the 
expectation on the use of virtual reality in the next 5 years, Mr. Anderson noted that 
AutoCAD had already existed in the market for 20 years and simple 3D simulation 
(MicroStation) started during the construction of Chep Lap Kok Airport in mid 90’s. 
Nowadays, technology improved significantly, activities like Building Information 
Modeling (BIM) had emerged in recent years, and it was just a matter of conversion 
time for virtual reality to revolutionize the industry. 
 
Mr. Kareem Magill, Technical Director of Consult 3D Limited explained that, they 
would receive their clients’ designs through sketches, floor plan, elevation or even 
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concept at the design stage and subsequently turned all of the elements into virtual 3D 
models for evaluations and development. They had major clients in construction 
sector and had modeled projects in Hong Kong, Singapore and Macau etc. in the past 
few years. They delivered rendered real-time VR solutions and 4D models 
presentation to clients. Mr. Magil stated that cost, time and safety were always the 
milestone of clients, and the use virtual reality was proved beneficiary in various 
projects. He stated that the older generation who lack of knowledge in computer 
literacy and reluctant to change would gradually retired in the coming future, aligned 
with the advancement in computer hardware and software, the use of 3D models in 
construction sector would become the mainstream of communication tools. 
 
8.2.5. Other related professionals’ perspective 
 
Mr. Lee Kin Yee, Building Surveyor of Buildings Department (Authorized Person) 
stated that according to his observations, not many construction projects in Hong 
Kong would use virtual reality to build 3D models which greatly ascribed to the 
sizable cost and time for developing the models. He noted that the only example he 
knew was the construction of Cyberport. 3D models were used to communicate the 
conceptual ideas between architect and clients before the master layout and schematic 
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design was produced. Another by-product was to verify consideration of site 
constraints in design. He found construction a difficult market for generic virtual 
reality application. Some companies had paid effort in incorporating it in construction, 
but mostly were one-off prototypes and failed to fit virtual reality into their business 
model due to problem with hardware, data interoperability and the amount of time 
required for modeling. 
 
Dr. Raglan Lam, Principal Safety Consultant of Raglan Power Safety Consultants 
Limited was asked about the practicability of incorporating safety checklists to virtual 
walkthrough for hazard identification and risk assessment. These checklists were 
generated by computerizing the essence of the safety regulations (e.g. OSHA 
regulations) related to most types of construction tasks, along with information on 
general conditions safety issues. He held that there was no such practice in Hong 
Kong construction sector. This was greatly attributed to first, the lack of budget in 
implementing such 3D modeling technology for safety plans, second, the fast paced, 
ever-changing and unique project-based construction environment, and third, the 
reluctance of potential practitioners to trust and base their decision solely on 
simulation analyses. Despite prevalent skepticism among practitioners, Dr. Lam noted 
that they had conducted computer-assisted safety training programmes for new 
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worker orientations. He believed that the adoption of virtual reality on safety issues 
was an irresistible general trend. 
 
8.2.6. Researchers’ perspective 
 
Prof. Fellows, R.F. stated that the construction process was lack of interpersonal 
collaboration which implied that not everybody would know each other’s ideas, for 
instance an air conditioning subcontractor would not know about the schedules or 
working methods for a water supply subcontractor. Design and installation would be 
required to merge together, however it would often be the case that the two elements 
could not be best fitted. He believed that the commercial VR packages could 
definitely tackle this problem and use extensively in providing a collaborative 
environment to coordinate works between different parties of the construction. 
 
Mr. Yates, D.J. stated that conventionally, one of the biggest problems in construction 
was the coordination of services for design and installation stage. He noted that he 
had encountered lots of scenarios on projects for the poor coordination of services, for 
example, the air conditioning contractor who became the first subcontractor of the 
project would install the duct. Accordingly, the fire services subcontractor would find 
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no space for the installation and damage the air conditioning ducts which made 
problems arisen. Mr. Yates thought that there should not be any limit for visualization 
to perform functions like clarification of design information and understanding of 
assembly of components provided that designer could illustrate the design and 
components accurately and at an adequate level of detail. For instance, a problem with 
2D was line drawing. Say there is single line shown on the drawing representing a 
500mm pipe in a hotel development. However, the reality is that 500mm is the 
internal diameter which excluded the wall thickness and connecting flanges. 
Therefore, the problems with the pipe are actually the flanges fitting in the area, 
turning corners and finding way through other services, particularly in the congested 
area like a plant room or above the suspended ceiling. According to his past 
experience, he frequently found problems in hotel projects due to improper 
coordination of design of the congested services which in turn adversely affected the 
sequencing of installation. Under normal situation, these problems would be dealt on 
site, however this practice would cause delay and damages to the works had been 
done. He believed that the use of virtual reality could visualize the construction 
process and interaction of building services which gave the most advantages over 
traditional 2D drawings. Regarding to the major impediments experienced by 
practitioners, Mr. Yates stated that time, cost and similarity with traditional practices 
Chapter Eight – Interview Results 
116 
were the major barriers to adopt new technologies in construction sector. Although 
the current use of visualization was mainly driven by clients, he afforded that the 
contractors would spend money on sort of technology as marketing tool and also as a 
working tool since it meant more efficient and less waste. In other words, anything 
would give a competitive advantage by making them more efficient in terms of time 
and cost, then it worth spending money on it. He supplemented that bigger contractors 
start to realize the importance of investing on research and development and that 
could give them a niche in terms of efficiency and marketing. Mr. Yates also 
explained that it was human nature for experienced practitioners to resist new 
technology as they often like familiar practices and procedures, but that could be 
easily overcome as technology was now available and by utilizing it, problems that 
had haunted the construction industry for years like poor quality could be improved. 
 
Mr. Barima, O.K. stated that the corporate culture and ease of computer software 
dictated the acceptance and extent of virtual reality could be implemented in 
construction industry. He noted that the type of clients would also affect the pattern of 
uptake of visualization. 
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Chapter Nine – Case Studies 
 
9.1. Introduction 
 
The following section provides a snapshot of the rich and varied uses of virtual reality 
within the construction sector. 5 distinct cases were selected and studied according to 
the analytic framework developed in sector 6.3.3. Extensive background data were 
collected through semi-structured interviews and were used in conjunction with 
supporting company documentation. Most projects were modeled in 3D with 
AutoCAD and CATIA. Software like QuestViewer was used to export the model for 
navigation purpose which could be used under Windows interface without installing 
any software. These brief descriptions were followed by multiple in-depth case 
studies. 
 
9.2.1. One Island East in Tai Koo Place 
 
The case being studied was a commercial development located in East of Hong Kong 
Island which connected to the existing development portfolio of the same developer. 
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In this project, the developer insisted to develop the 3D model of the interior and 
exterior design of the building and used it extensively in various areas. 
 
The developer had developed the 3D design prototype which included the 
architectural, structural and building services components. The model was then hand 
over to the contractors for further developing and updating throughout the process. 
The contractors which in turn hired a consultant firm which had full time modelers for 
the management of the model. 9 months was spent for the updating and incorporating 
all requirements and amendments into the model. The consultant firm was also 
requested to build a 4D CAD model by importing the 3D CAD data and schedule in a 
4D-simualtion application which allowed users to link the activities with their related 
components. The resulting 4D model would display the construction sequence by 
showing consecutive 3D CAD drawings as time progresses. Around 6 millions HKD 
was invested for the modeling in this project.  
 
A typical floor in Zone 1 (see appendix 7) was chosen to study how virtual reality 
could work on this project. By using the interior 3D model, the contractors could 
export different sections and elevation of the building at will, also the chromatic 3D 
models clearly distinguished different building components (see appendix 8 & 9), for 
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instance the light yellow and dark grey color represent the beams and core walls 
respectively. After incorporating the building services to the model, the contractor 
could identify the depth between beams and ceiling accurately and detect the 
discrepancy between coordination of various building services quickly. Contractors 
could thereby highlight conflicting design and coordinate the services better. For 
example, contractors could ensure the cable containment passage was not clashing 
with drainage pipe works. This could also complement the limitation of 2D drawings 
for the inability to identify specific bends of service like HVAC ducts and drainage 
traps by allowing the contractors to check the gradient for that. Furthermore, 
contractors could analyze the impact of any amendments of design directly from the 
model. For instance, if the opening of the core wall for the HVAC connection to the 
plantroom had certain adjustment (see appendix 10), the model could help the 
contractor to assess the impact of variation to other services in the plantroom very 
quickly. Thus, the decision could be made on what could do and what couldn’t do, for 
example whenever it was required to re-design the location of services. 
 
In this project, the major commercial benefit that the model could bring was the 
ability to ensure adequate openings were provided for building services. It was 
particularly beneficial in verifying adequate number and size of opening in the core 
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wall, which would cost enormous amount of money if rework was needed. 2 missing 
openings were identified in the core wall from the model during the early stage of 
construction and a hundred thousand dollars had been saved in this project. 
 
Another advantage was that all ideas or variations from different disciples including 
architectural, structural and building services could be updated and incorporated into 
the model immediately; this could facilitate the fast developing of solution to any 
problems arisen. Since the complex coordination of building services could be clearly 
visualized, the building structure tolerance could be assessed accurately to identify the 
problems which might be encountered. Services reengineering or relocation were 
required for certain cases. Therefore, the maximum ceiling height could be achieved 
by using the accurate information brought by the model to carry the assessment. 
 
In this project, meetings would be conducted every two weeks to allow the client to 
view and give comments to the model. They were able to visualize the building 
materials and various finishes in order to make any adjustments before the 
commencement of construction. Once again, this could save the cost and time for 
rework. They could also use the model of exterior design and interior floor layout as a 
tool for leasing purpose. The feasibility of wall arrangement could be discussed with 
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the potential tenants and it was possible to tailor-made any floor or even several floors 
(e.g. make a void) to suit the tenants requirement specifically. In this case, due to the 
extensive use of 3D models, the impact on services could be assessed very quickly 
and solutions could be made at once. 10/F had been leased to a tenant before the 
completion of construction which concretely marked the success of the use of virtual 
reality in this project. 
 
On the other hand, problems were discovered through the analysis of the original 
schedule with the 4D model. According to the project manager of this project, it was 
quite difficult for all parties to conceptualize the construction process by viewing the 
conventional CPM schedule alone. By using the 4D model, missing activities and 
inconsistencies in the level of detail among activities in the schedule could be 
identified and discovered respectively. For example, confirming all associations 
between building components and related activities exist could be a time-consuming 
process because of the enormous number of components and related activities in a 
project. It could hardly determine whether the schedule was completed by inspecting 
the CPM schedule. However, the project managers stated that by viewing the 4D 
model, they could immediately identify which components did not have related 
activities in the schedule. They could also use the 4D model address errors in the logic 
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of schedule. It was always difficult to identify activities that are not in sequence from 
the CPM schedule as they were mutual dependencies in nature which may locate in 
different parts of the schedule. Since the 4D model could allow users to visualize the 
location and time of components being built, it could clear show whether the activities 
in the schedule were properly sequenced. Furthermore, the project manager stated that 
they could address potential time-space conflicts and accessibility problems. This 
finding was in contradiction with the survey results stated in section 7.2.1.1. On this 
point, the project manager found that CPM schedule was unable to convey the spatial 
aspects of the project, thus it could not convey whether time-space conflicts exist. 4D 
models could be used to predict possible spatial interference of crews in order to 
ensure that they have sufficient working space. It was crucial to prevent delays of 
project as limited working space may reduce the productivity of crews which would 
be eventually resulted in postponement. In this project, since they could identify these 
problems and make corresponding adjustments to the original schedule, time and cost 
of the project was saved. 
 
After the completion of project, the contractor was contractually required to hand over 
the latest version of model to the client. Reusability and sustainability was also the 
concern for clients to use this technology. Regarding to the reusability, it would be 
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helpful in the designer’s and consultant’s point of view, however it came to 
contractors quite different. This is mainly due to the stochastic nature of construction 
events and different manufacturer from projects to projects. Despite these facts, the 
benefits of adopting of virtual reality could outweigh the costs in this project and also 
in the long run. 
 
9.2.2. KCR West Kowloon Station  
 
The Kowloon Southern Link (KSL) will link East Tsim Sha Tsui Station with West 
Rail Nam Cheong Station, connecting these two strategic railways. The new 3.8 km 
long railway will have one intermediate station - West Kowloon Station (see appendix 
11). The Government of the Hong Kong SAR gazetted the authorized KSL scheme on 
24 June 2005. The construction of the $8.3 billion KSL has commenced in the fourth 
quarter of 2005 and completion is scheduled for 2009. 
 
In this project, the contractor had engaged a consultant firm to model the interior and 
exterior design of the West Kowloon Station. The major contribution of the 3D model 
was to check the layout of signage in the station to ensure every possible 
combinations of path would have adequate coverage of signage (see appendix 12 & 
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13). By adjusting the navigation speed of model to normal walking speed, clients 
could thereby conduct virtual walkthrough and effectively assess and evaluate the 
layout of passage. Time required for passenger to travel from concourse to ground 
level could be estimated and certain arrangements could then be made for pedestrian 
flow and facility management. 
 
9.2.3. Bel-Ai No. 8 in Cyberport 
 
In this case study, the client intended to construct several residential blocks in 
cyberport with fancy facade design (see appendix 14). Normally, the core wall of the 
building would be first constructed, followed by the slab and beams, and finally the 
facade would be placed. However, difficulties were encountering in erecting the fancy 
facade due to the long construction time and would expose workers to dangerous 
environment when building it. Instead of using the traditional method, the contractor 
developed the technique of pre-cast elements manufacturing. They manufacture the 
pre-cast elements in its own factory in Shenzhen and transported to the site by ship 
(see appendix 15). 
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Under the new construction method, the duration of constructing a typical would be 
shortened to four days. Take the Day 1 as an example, lost forms and facade wall 
units would be erected, followed by the erection of 1st face of formwork to all internal 
walls. After that, rebar would be fixed to all walls and formwork would be erected to 
internal face of lost form units. Finally, the 2nd face of formwork to all internal walls 
would be erected (see appendix 16 & 17). As we could see from the four pictures in 
appendix 16 & 17, the upper pictures were photos taken from the real construction 
site where the facade wall unit was being lift by the tower cane to the targeted 
erection area and erection of formwork subsequently. The lower pictures showed the 
corresponding 4D simulation of Day 1 process which was built by a consulting firm 
hired by the contractor. The simulation clearly shown the sequence of work for a 
typical floor during the four days cycle which could be easily understood by layman. 
 
The primary aim of this 4D simulation is to market this innovative construction 
method to clients. The shortening of construction time was a comparative advantage 
for the contractor over other competitors. Also, under this construction method, 
workers would have less hazards exposure as they were not required to work outside 
the building. Therefore, the contractor would like to model the method in 4D 
environment and present to clients who were layman to gain an insight quickly and 
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accurately with any imagination. The simulation could also be used to give orientation 
to new workers and train them in a relatively short time with desirable outcomes. This 
model could be definitely reused in other projects for marketing and training purpose. 
 
9.2.4. Hong Kong Football Club 
 
The Hong Kong Football club was built in 1995 and had 64,000 square meters large 
which situated in Happy Valley. It provided leisure, entertainment and a wide variety 
of Food and Beverage services. Apart from that, the Club also facilitated a broad 
spectrum of competitive and recreational sports. One of the largest and most 
successful clubs in local sports competition, it also hosted top international sports 
events and touring sides. 
 
In this case, the Club hired a consultant firm to model the building structures and 
facilities. User could then visualize all the sport facilities and beverage services inside 
the Club. The model provided two interfaces including the floor plan and virtual 
walkthrough to enable the visualization of two different perspectives collaboratively 
(see appendix 18 & 19). The model was built from a set of very old documentation 
and it was one of the major intentions to check the buildiability of these documents. 
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CAD drawing was then generated after the verification of the old hand drawings and 
therefore the floor plans and section plans could be updated. These updated 
documents were extremely useful for the implementation of services maintenance and 
management of the facilities. Furthermore, the Club was going to use the model on 
advertising purpose, the model allowed people to navigate through the complex 
virtually and have an idea on what kind of facilities and services would be provided. 
On the other hand, the model could also help members to locate themselves inside the 
Club and search the direction for different facilities. 
 
9.2.5. Residential block in Sai Kung 
 
The case being studied was a site in Sai Kung where the client would like to develop a 
residential housing on it. This was a design & build project and the developer engaged 
a consultant firm for the conceptual modeling of the anticipated design. In the model, 
a three storey building was designed with garage and penthouse (see appendix 20). 
Except visualizing the exterior design of the building, users could also virtually 
walkthrough the each floor and realistically inspect the layout of each room. The 
layout of each floor would be shown by simply click the function button in the 
interface, also it allowed the developer to further develop the model by incorporating 
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building services, finishes or even furniture setting in order to give a full picture to the 
client. 
 
In this case, the client was not satisfied with design and eventually rejected the 
proposal. Although the client was charged twenty thousand dollars for consultant fees 
on generating the 3D model, it was still beneficial to save cost and time in avoiding 
the rework. 
 
9.3. Summary of case studies 
 
This chapter gave a broad-brush picture of the use of virtual reality in construction 
sector in Hong Kong. We also examined the applications of 3D and 4D modeling and 
summarized the corresponding benefits. In reality, we identified that the adoption of 
visualization offer benefits on simple and complex projects, on new construction and 
on retrofit projects, and at the detailed nuts and bolt level as well as for overall project 
phasing. In these case studies, we saw four main application area for the visualization 
tools as building services coordination, marketing/sales, training support and facilities 
management.  
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Chapter Ten – Discussion 
 
10.1. Introduction 
 
Base on the interview results and empirical case studies, a number of benefits that 
virtual reality can bring to Hong Kong construction industry have been discovered 
and verified. However, as we have discussed before, the skepticism of the industry as 
to the use of such technologies also needs to be addressed. This is attributed in part to 
resistance to change, lack of knowledge and failure to quantify the real commercial 
benefits that can be obtained. In this chapter, we will extrapolate the major 
contributions of visualization which are able to outweigh the cost of implementation 
and business loss in delay or rework. The major impediments of adopting virtual 
reality and the level of involvements of practitioners in visualization-related activities 
will also be addressed, followed by the conclusion on the maturity and uptake of 
visualization in Hong Kong construction industry. Different trends and factors 
governing the construction industry which affect the implementation success of 
visualization will be discussed. Finally, recommendation will be given to construction 
organizations. 
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10.2. Major contributions of visualization in Hong Kong construction industry 
 
Through interviews and multiple case studies, several applications of visualization in 
Hong Kong construction sector are identified. Among these applications, we found 
that building services coordination, constructability information conveying and 
marketing purposes as the major contribution areas which are also proved to quantify 
business benefits through real applications in practice.  
 
10.2.1. Building services coordination 
 
For building services coordination, visualization can help in identifying clashes and 
interferences between various building components and services system. A 
throughout checking and verification is needed prior to the commencement of work. It 
will be inevitable to rework or omit certain components without computers and 
today’s sophisticated software tools. Particularly, as buildings services system is 
becoming more complicated, we will require even more sophisticated tools for 
visualizing complex structures. By incorporating the 3D CAD data into the CPM 
schedules, we can obtain the 4D model which can effectively help the contractor in 
coordinating several services subcontractors working concurrently in the same or 
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adjacent workspaces. Real commercial benefits are identified through the case study 
in One Island East (see section 9.2.1). Two major missing openings in the core wall of 
the plant room are discovered which has greatly saved the cost for delay and rework. 
Also, the 4D model used in this project can shorten the overall schedule by 
systematically organize different subcontractors in the restricted working space, and 
at the same time, the potential conflicts among the subcontractors can be minimized 
while still providing them with a continuous flow of work throughout the project. The 
survey results also show that most construction professionals found the 3D 
visualization effective in clarifying conflicts and avoid interferences in building 
services. Therefore, we can extrapolate that building services coordination can be one 
of the major contributions of visualization and has the potential to become a 
conventional tool for future construction projects. 
 
10.2.2. Constructability information conveying 
 
For constructability information conveying, visualization will undoubtedly help 
improve the presentation of construction information. Visualization can enable clients 
to conceptualize and inspect the final product during the concept design stage. The 
model can provide practitioners an ideal platform to visually check information from 
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their sites. They could also conducted virtual walkthrough in the model and verify 
information relating to textures, time, cost, maintenance and other related information. 
Various case studies have shown that 3D visualizations are employed to either 
presenting conceptual ideas to clients or checking the mutual understanding between 
the clients and contractors. Saving for cost of rework is proved in the case study of the 
construction project in Sai Kung (see section 9.2.5.). The survey results are also in 
line with the empirical findings where most of the evaluators think that the 
demonstration can effectively clarify design information and complement paper-based 
conveying tools. Ultimately, clients will request these types of visual technology to 
evaluate and assess decisions regarding building performance as they can provide the 
construction industry in terms of better accessibility to information and improved 
presentation.  
 
10.2.3. Marketing/sales 
 
The application of visualization in the area of marketing we are talking here can be 
very board. They include the property sales from plans, construction method 
marketing and various advertising purposes etc. From the case study, we find that 
developer can use the 3D model of exterior design and interior floor layout as a tool 
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for sales or leasing purpose. The feasibility of wall arrangement can be discussed with 
the potential tenants and it is possible to tailor-made any floor design to suit the 
particular tenants. Also, contractors can used 3D model animation as an advertising 
tool to demonstrate innovative construction methods to clients which can certainly 
increase its competitive advantage. Although we have not discussed the visualization 
of cost and procurement information, however, it is becoming achievable and can 
further increase the transparency of different contractors. Eventually, informed clients 
will demand these types of technologies to save cost and time. 
 
10.3. The major impediments of adopting virtual reality 
 
To summarize all the opinions from construction practitioners and researchers, cost 
and time for modeling appears to be the major impediments in embracing virtual 
reality. Generally, a relatively large amount of money is required for investing on the 
use of virtual reality. This include the investment on advanced computer hardware 
and software for the modeling instruments, also it requires consulting fee and labor 
cost on management of the system. Depending on the level of details of the model and 
turnover of construction, it can be a huge portion of capital for the projects. However, 
many practitioners stated that construction firms that are at a leading edge will be able 
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to meet these requirements. Some researchers think that such firms should take the 
lead in investing capital on research and development of virtual reality, moreover, 
they should also take the re-innovations of technologies into account. As we know 
that innovations rarely arrive fully fledged and able to bring a rapid reduction in the 
costs of user organization. They are often altered, refined and reinvented throughout 
the diffusion process (Whyte 2003). Many researchers have described the importance 
of users contributing to re-innovation. In essence, the industry should consider the 
process of innovation and product development that occurs after a new technology is 
adopted and eventually as a step to next generation product. Let us use an analogy to 
illustrate this, in the early 80’s, hand sketches were the conventional communicating 
tools. However in the late 80’s, AutoCAD had emerged and weeded out poor quality 
drawings. Large amount of capital was invested in computerizing construction 
documentations and real commercial benefits were identified during the last 10 years. 
Nowadays, AutoCAD is still the traditional construction drawings tools, however it 
has certain limitations. Visualization can be built upon the early success of 2D CAD 
with revised and refined features that can bring industry to another climax. From this 
analogy and consecutive successful examples, we can extrapolate that although the 
cost of implementation was the major impediments to the industry, adopting virtual 
reality in construction sector is an inevitable trend. 
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Regarding the time spent on modeling, previous researches had carried out studies on 
investigating feasibility of using virtual reality in commercial construction. Koo et al. 
(2000) used a commercial two-story office building project as a case study to 
anticipate the man-hours of work for input. They took about 70 and 119 man-hours in 
converting 2D drawings into 3D CAD models and developing the 4D model 
respectively (see Figure 7). 
 
Figure 7. Hours of Input Required in Drafting 3D CAD Models from 2D Drawings 
(Source: Koo et al. 2000) 
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From the survey, we also find that the evaluators do think the system is hard to use 
and many practitioners, especially 3D modelers stated that the provision of 
user-friendly interfaces is vital, as learning curve is relatively steep. Therefore, we can 
conclude that the time for modeling is definitely an existing barrier for the adoption of 
virtual reality. Despite these facts, the advancement of computer hardware and 
software can greatly overcome the significant modeling time currently. 
 
10.4. Testify and verification of the analytic model 
 
In general, the theoretical model does not fit with the empirical findings. Leading 
construction users of virtual reality are found to be working on large or small scale 
projects which are unique or with design reuse. The features of each case study are 
listed below: 
 
? Small projects with design reuse – Residential development in Cyberport (see 
section 9.2.3.) 
? Large projects with design reuse – One Island East (see section 9.2.1.) 
? Small unique projects – Residential development in Sai Kung (see section 9.2.5.); 
Hong Kong Football Club (see section 9.2.4.) 
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? Large unique projects – West Kowloon Station (see section 9.2.2.) 
 
To sum up, scale of projects and the extent of design reuse are two determining 
factors on the pattern of adopting of virtual reality as they heavily affect the cost and 
time for implementation. However, through multiple case studies, it shows that the 
analytic model developed by Whyte is not conclusive in determining the pattern of 
use of virtual reality. In other words, the model developed by Whyte is refutable and 
not applicable in Hong Kong construction industry, also it implies that there must 
exist other factors which affect the pattern of adoption. In the next section, we will 
discuss different trends and factors governing the implementation success of 
visualization in Hong Kong construction industry. 
 
10.5. Factors affecting the implementation success of visualization 
 
Base on the literature review, practitioners’ experience and case studies, several 
trends and factors are generalized which determine the implementation success of 
visualization in Hong Kong construction industry. These factors include: 
 
? Percentage of large scale construction firms in the industry 
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? Percentage of work done by subcontractor 
? Percentage of the design & build projects 
? Computer literacy among construction field 
 
As we have discussed before, the use of visualization should be driven by 
construction firms and more specifically, the large scale constructors. The factors 
above may induce the corporate momentum for the implementation of visualization 
for minimizing time and cost in projects by the construction companies. By analyzing 
these factors, we can develop a revised framework for the pattern of adoption and use 
as a base to predict the trends of use of visualization in Hong Kong construction 
industry. 
 
10.5.1. Percentage of large scale construction firms in the industry 
 
In 2005, there were a total of approximately 17,985 contractors in Hong Kong and 
122,870 persons were directly engaged in these contractors. On average, every 
construction companies employ 7 people. It is expected that large scale contractors 
will be the first to put forward the visualization technologies. The projects these 
companies are involved with are of a size and complexity that can absorb the initial 
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added costs that come with visualization. Moreover, these companies are capable to 
afford the further training and computer literacy lessons for their field staffs. 
Visualization applications in the construction will become a reality for mid-scale 
companies when the experiences in adopting these technologies become mature. 
Therefore, the determining factor should be the scale of construction companies 
instead of scale of projects. The percentage of large scale construction companies in 
the industry directly will influence the corporate momentum and power force pushing 
for the implementation of visualization. 
 
10.5.2. Percentage of work done by subcontractor 
 
Under the subcontracting system, it is estimated that about 80 to 85% of the 
construction work is subcontracted out by the general contractors. With the increase 
in the percentage of subcontracting work, the degree of coordination between the 
contractors and the subcontractor required for the completion of project is increased. 
The high degrees of coordination efforts give rise to the use of new and untraditional 
solutions for the project management. This is consistent with the empirical case study 
findings where One Island East is a concrete example to illustrate this. The large 
amount of building services and interior design would increase the potential conflicts 
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among different subcontractors who working concurrently in a restricted area. Also, 
the level of coordination between the general contractor and the subcontractor often 
decide whether a project will be completed on time and within budget. 
Implementation of visualization technologies can undoubtedly diminish the 
communication interference and improve the schedule evaluation and coordination. 
Therefore, we can conclude that the high percentage of subcontracting work will more 
likely to employ innovative technologies. 
 
10.5.3. Percentage of large scale companies that perform design & build projects 
 
The in-house capability of design-build companies is the breeding ground for future 
full-bloom visualization (Coble et al. 2000). Since both teams, the architect and the 
contractor can work collaboratively in the same company, which makes the 
implementation of visualization fits and further enhance the working relationships 
within the company. This is mainly because the project’s schedule can be reviewed 
during the design stage. Therefore, the contractor side can visualize the building 
sequence and at the same time can alert the designer of any necessary changes to be 
made. In summary, the collaborative working environment provided by virtual reality 
tools are fit with the close working relationship in design & build projects can enable 
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the full adoption of visualization in clarifying building constructability and evaluation 
of construction schedules simultaneously. The case study of residential development 
is an empirical example of design & build project. 
 
10.5.4. Computer literacy among construction field 
 
The computer literacy among the construction field also determines the pattern of use 
of visualization. As we all know, the virtual reality application and modeling 
techniques requires certain computer knowledge to manipulate the system. In fact, the 
tools and skills necessary to produce the visualization are readily available. The point 
relies on whether we have a computer literate generation of project manager. Except 
the understanding on the potential benefits that visualization can bring, if the project 
managers able to participate in the initial stage of implementation of visualization, it 
is certainly can yield twice the result with half the effort. 
 
10.6. Recommendation to construction organizations 
 
Former research has found that the main problem in construction is the most of the IT 
systems have been purchased in the past because of operational rather 
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strategic/business requirements. These systems have failed many construction firms 
leading to some suspicion of what IT can deliver to the construction industry (Aouad 
1999). Also the skepticism of the industry due to use of such technologies is due to 
the lack of knowledge, resistance to change, and failure to quantify the commercial 
benefits. Significant time and capital spending on the implementation is another 
crucial barrier to the adoption of visualization. All these problems was highlighted 
and discussed in this study. Trends have shown that large companies start to invest 
heavily in these promising technologies and real commercial benefits that 
visualization can bring are continuously identified in construction practice. In the 
survey, we identify generally position attitude of construction professionals towards 
the use of visualization and the overall feedback from the demonstrations is 
encouraging. Most of the interviews expressed that they would consider this emerging 
technology to be the mainstream in the near future. Evidences in empirical case 
studies have shown that the benefits of adopting virtual reality can definitely outweigh 
the cost. All these findings have implied that visualization technologies are amongst 
the most promising technologies that can help the construction industry. It is therefore 
recommend that construction organizations should at least experiment with these 
technologies. Construction firms should move from traditional ad hoc investment 
towards the well-planned corporate strategy. In order to embrace this emerging 
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technology, it is suggested that a balanced approach in several perspective will be 
required for company which includes the IT management with strategic vision, 
adequate training, capable business infrastructure and appropriate application systems. 
By coupling the IT, people and culture of a company, it is undoubtedly the business 
can reap competitive advantage from applying visualization. However at this 
particular stage, it will be inconceivable for any company to replace all the existing 
process suddenly and embrace a new technology. Thus, it should complement rather 
than replace any existing procedures. 
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Chapter Eleven – Conclusion  
 
11.1. Conclusions 
 
The conclusions are based on the findings of the research which attempted to answer 
the objectives of the study. The conclusions that have been generated are: 
 
11.1.1. This research project presents the background of an emerging 
information technology – virtual reality 
 
This research project presents the background of an emerging information 
technology – virtual reality. I have given a brief overview of what VR is about, and 
identify four major characteristics of VR – navigation, interaction, immersion and 
imagination and the corresponding benefits of these features. Basically, it is the 
real-time graphics manipulated by VR system enable users visually believe they are 
part of the virtual domain. In this research, I attempt to address the development and 
evolution of VR in the past 20 years, differences and similarities between VR and 
CAD have been examined and current approaches to model creation have also been 
highlighted. To sum up, this objective has been achieved. 
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11.1.2. This research project presents the potential of embracing virtual reality 
in construction sector and the corresponding benefits to different stakeholders 
 
The insight on the potential of embracing virtual reality in construction industry have 
been gained through extensive review on the literature and survey on the performance 
of 2 distinct systems. 6 major areas of VR applications in construction industry is 
identified in literature, they are building design, collaborative working environment, 
collision detection, building maintenance, 4D CAD and safety related applications. 
Benefits to certain stakeholders in the industry are also highlighted in case study in 
foreign literature and also identified through interviews. Through the interview survey 
on 2 VR systems, respondents were asked to evaluate on the effectiveness, 
applicability and general management of the system. The results have shown 
consistency with the literature review. Most of the respondents agree that VR can 
bring the benefits like design information clarification, construction information 
conveying and conflicts design identification etc. It is found that, identifying clashes 
and errors early in the process is an important motivation for their use of virtual 
reality as they could be responsible for rework on site. Also, most of the participants 
are convinced that the construction industry professional will accept the system (82% 
for 3D Visualization and 68% for 4D CAD) and rate the system performance as good 
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(78% for 3D Visualization and 84% for 4D CAD). From this point of view, this 
objective is generally achieved. 
 
11.1.3. This research project investigates the limitations of virtual reality and the 
corresponding impediments of implementing VR in Hong Kong construction 
sector 
 
Except the contributions of VR, this research also investigates the limitations and 
impediments in the adoption of virtual reality in Hong Kong construction industry 
through empirical case studies. Large amount of time for modeling is a concern for 
using VR. For some imperative tasks which require instant response, 3D models 
would not be rapid enough to facilitate the communication immediately Significant 
cost on investing in computer infrastructure and modeling management is the majority 
impediments of implementing VR. Reluctant to changes of experienced construction 
professionals, unavailable of user-friendly software and lack of talents to cope with 
the real contract administration process are also the two major areas that make VR 
still not yet favorable and conventional at this moment. This objective is achieved. 
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11.1.4. This research examines the uptake of virtual reality in Hong Kong 
construction sector and explores the commercial climate of adopting it 
 
The current maturity and uptake of virtual reality is explored and current commercial 
climate towards the embracing of virtual reality is investigated through interviews and 
case studies. Although most of the construction professionals recognize the benefits of 
VR can bring to the industry, however it records a low diffusion of VR in the 
construction sector. Most of the projects which use VR as a complement tools are 
clients-driven, in other words, the participation and attitude of clients in projects will 
dictate the use of VR in the current projects. This objective is generally achieved. 
 
11.1.5. This research develops an analytic framework for exploring the factors 
affecting virtual reality adoption within construction sector in Hong Kong 
 
A framework of the pattern of use of virtual reality and the corresponding 
implementation success factors is developed and verified through multiple case 
studies. The model generated by Whyte (2003) is testified and proved inconclusive 
and inapplicable in Hong Kong as results from case studies have shown random 
adoption out of the two factors (size of project & extent of design re-use) described. A 
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more comprehensive and generalized framework is proposed and tested in empirical 
studies. Except the two factors, it is found that the percentage of large scale 
construction firms in the industry, percentage of work done by subcontractors, 
percentage of large scale companies that perform design & build projects and 
computer literacy among construction professionals also dictate the success of 
implementing VR in the Hong Kong construction industry. This objective is achieved. 
 
11.1.6. This research suggests policies and models towards the promotion of 
virtual reality in construction sector 
 
Finally, policies are recommended for construction companies based on the success 
factors towards the adoption of virtual reality in Hong Kong construction sector. 
Provided that the large scale contractors to be the locomotive to put forward VR 
technologies. Due to the involvement in large scale projects, these companies can 
absorb the initial added costs and capable to afford the further training for their staffs. 
Therefore, mid-scale companies can benefits after these technologies become mature. 
Nowadays, bigger contractors start to realize the importance of investing on research 
and development and that could give them a niche in terms of efficiency and 
marketing. It was human nature for experienced practitioners to resist new technology 
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as they often like familiar practices and procedures, but that could be easily overcome 
as technology was now available and by utilizing it, problems that had haunted the 
construction industry for years like poor quality could be improved. By coupling the 
IT, people and culture of a company, it is undoubtedly the business can reap 
competitive advantage from applying visualization. This objective is achieved. 
 
11.2. Implications and Recommendations 
 
It is expected that large scale contractors will be the first to put forward the 
visualization technologies. The projects these companies are involved with are of a 
size and complexity that can absorb the initial added costs that come with 
visualization. Moreover, these companies are capable to afford the further training 
and computer literacy lessons for their field staffs. Visualization applications in the 
construction will become a reality for mid-scale companies when the experiences in 
adopting these technologies become mature. 
 
It is necessary and crucial to consider visualization as a holistic picture by 
incorporating IT technology, corporate culture and people issues. The uptake of 
visualization will need a fundamental change on the construction process in order to 
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reap real commercial benefits. For example, 3D modeling will replace the 2D CAD 
one day as the initial designing tools, where 2D drawings of section and elevations 
plans are printed from 3D CAD data. To sum up, visualization technologies are 
promising, economically viable and technically user-friendly tools which can 
visualize construction information and schedules effectively. Despite these facts, 
more work should be done on coupling the corporate culture, IT technologies required 
and the people involved in a balanced approach that ensures certain levels of 
improvement are made to expedite the development of visualization before such 
technologies can be fully incorporation to the industry. 
 
11.3. Statement of Limitations 
 
Due to the constraints in time and data resources, several limitations to the research 
have to be noticed.  
 
The interview survey intends to evaluate the performance of the systems and 
investigate the attitude of construction professionals towards the use of visualization. 
Inadequate time is provided for the evaluators to familiar with the system and 
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navigates the original model file due to the lack of resources and time. This will affect 
the accuracy of the result as evaluators are not given a full picture of the system. 
 
The small sample size in the survey also limits the number of variables that can be 
included in the analysis, and reduce the generality of the findings and the statistical 
implication of the analysis. 
 
Although case studies are conducted to verify the correlation between the research 
results and the empirical findings, the small sample size cannot reflect the entire real 
situation in current industry.  
 
Despite these limitations, the findings offer the direction for further areas of inquiry.  
 
11.4. Suggestions for Further Research 
 
The framework developed on the pattern of use of virtual reality and the 
corresponding success factor provide a first step towards more differentiated 
understanding of virtual reality within the construction sector. It can be used as a good 
starting point for future development and testify. Visualization of time and design is 
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investigated in this research. It is worth to study the visualization on cost and 
procurement procedures. Interaction between engineering, design and construction 
firms also needs further investigation. Further study is also required on the role of 
universities and other IT suppliers in providing technological intelligence of the 
construction sector to the rate of uptake in virtual reality.
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Appendix 1 – Sample of Interview Survey 
Questionnaire (3D Visualization Demonstration) 
 
Questions (3D Visualization demonstration) 
A) Constructability information communication 
1 How well does the system facilitate the clarification of design information / 
details? 
2 How well does the system support the communication between designers and 
contractors? 
3 How well does the system help in understanding how components can be 
assembled? 
4 How well does the system help in clarifying the interfaces between 
components? 
5 How well does the system complement the paper-based communication 
tools? 
B) Applicability to the construction industry 
6 How well does the system address the poor design details? 
7 How well does the system clarify conflicting design information? 
8 How well does the system increase the speed of the information flows during 
the construction? 
9 How convinced are you that construction industry professionals will accept 
the system? 
C) Management of the system 
10 How easy is the system to use? 
11 To what extent is the level of details of the system? 
D) General 
12 How confident are you with computers? 
13 How generic do you consider the system to be? 
14 What is the overall rating of the system? 
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Appendix 2 – Sample of Interview Survey 
Questionnaire (4D CAD Demonstration) 
 
Questions (4D CAD demonstration) 
A) Construction schedule information communication 
1 How well does the system support the communication of spatial and temporal 
aspects of construction schedules? 
2 How well does the system help in understanding how various resources are 
interacted? 
3 How well does the system help in checking and verifying the constructability 
problems? 
4 How well does the system help in verifying the consideration of site 
constraints in design and schedule (e.g. sight lines, access …)? 
5 How well does the system help in avoiding the interferences on site? 
6 How well does the system help in improving the site layout accuracy? 
7 How well does the system help in improving the site safety? 
8 How well doe the system help in shortening the design and construction 
period? 
B) Applicability to the construction industry 
0 How well does the system address the construction schedules? 
10 How well does the system facilitate the evaluation of construction schedules?
11 How convinced are you that construction industry professionals will accept 
the system? 
C) Management of the system 
12 How easy is the system to use? 
13 To what extent is the level of details of the system? 
D) General 
14 How generic do you consider the system to be? 
15 What is the overall rating of the system? 
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Appendix 3 – Raw Data on Interview Survey 
Questionnaire (3D Visualization Demonstration)  
 
Researcher Rating 
(frequency) 
Practitioner Rating 
(frequency) 
Questions (3D Visualization Demonstration) 
1 2 3 4 5 1 2 3 4 5 
A) Constructability information communication 
1 How well does the system facilitate the 
clarification of design information / 
details? 
0 0 1 3 3 0 1 2 4 4 
2 How well does the system support the 
communication between designers and 
contractors? 
0 1 3 3 0 0 3 4 4 0 
3 How well does the system help in 
understanding how components can be 
assembled? 
0 0 1 2 4 0 1 2 4 4 
4 How well does the system help in 
clarifying the interfaces between 
components? 
0 0 2 2 3 0 1 3 3 4 
5 How well does the system complement 
the paper-based communication tools? 
0 0 0 4 3 0 1 2 4 4 
B) Applicability to the construction industry 
6 How well does the system address the 
poor design details? 
0 1 1 3 2 0 0 1 5 5 
7 How well does the system clarify 
conflicting design information? 
0 0 0 3 4 0 0 1 5 5 
8 How well does the system increase the 
speed of the information flows during 
the construction? 
0 2 3 2 0 0 2 5 4 0 
9 How convinced are you that 
construction industry professionals will 
accept the system? 
0 1 1 3 2 0 1 1 4 5 
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Appendix 3 – Raw Data on Interview Survey 
Questionnaire (3D Visualization Demonstration) 
 
Researcher Rating 
(frequency) 
Practitioner Rating 
(frequency) 
Questions (3D Visualization Demonstration) 
1 2 3 4 5 1 2 3 4 5 
C) Management of the system 
10 How easy is the system to use? 0 4 2 1 0 0 6 4 1 0 
11 To what extent is the level of details of 
the system? 
0 2 3 1 1 0 3 4 3 1 
D) General 
12 How confident are you with 
computers? 
0 0 0 3 4 0 0 0 4 7 
13 How generic do you consider the 
system to be? 
0 0 2 3 2 0 0 3 3 5 
14 What is the overall rating of the 
system? 
0 0 2 3 2 0 0 2 5 4 
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Appendix 4 – Raw Data on Interview Survey 
Questionnaire (4D CAD Demonstration)  
 
Researcher Rating 
(frequency) 
Practitioner Rating 
(frequency) 
Questions (4D CAD Demonstration) 
1 2 3 4 5 1 2 3 4 5 
A) Constructability schedule information communication 
1 How well does the system support the 
communication of spatial and temporal 
aspects of construction schedules? 
0 1 3 3 0 0 3 3 5 0 
2 How well does the system help in 
understanding how various resources 
are interacted? 
0 0 1 2 4 0 0 2 5 4 
3 How well does the system help in 
checking and verifying the 
constructability problems? 
0 0 1 2 4 0 0 1 5 5 
4 How well does the system help in 
verifying the consideration of site 
constraints in design and schedule (e.g. 
sight lines, access …)? 
0 0 1 2 4 0 0 2 4 5 
5 How well does the system help in 
avoiding the interferences on site? 
0 0 0 4 3 0 0 0 3 8 
6 How well does the system help in 
improving the site layout accuracy? 
0 0 1 3 3 0 0 2 4 5 
7 How well does the system help in 
improving the site safety? 
0 2 2 3 0 0 5 3 3 0 
8 How well does the system help in 
shortening the design and construction 
period? 
0 1 4 1 1 0 1 4 4 2 
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Appendix 4 – Raw Data on Interview Survey 
Questionnaire (4D CAD Demonstration) 
 
Researcher Rating 
(frequency) 
Practitioner Rating 
(frequency) 
Questions (4D CAD Demonstration) 
1 2 3 4 5 1 2 3 4 5 
B) Applicability to the construction industry 
9 How well does the system address the 
construction schedules? 
0 0 1 3 3 0 0 2 3 6 
10 How well does the system facilitate the 
evaluation of construction schedules? 
0 0 1 3 3 0 0 2 4 5 
11 How convinced are you that 
construction industry professionals will 
accept the system? 
0 1 3 2 1 0 1 4 3 2 
C) Management of the system 
12 How easy is the system to use? 0 4 2 1 0 0 6 4 1 0 
13 To what extent is the level of details of 
the system? 
0 2 4 1 0 0 4 5 2 0 
D) General 
14 How generic do you consider the 
system to be? 
0 0 2 3 2 0 0 3 3 5 
15 What is the overall rating of the 
system? 
0 0 2 3 2 0 0 1 6 4 
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Appendix 5 – Static images of the 3D 
visualization demonstration 
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Appendix 6 – Static images of the 4D CAD 
demonstration  
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Appendix 7 – Floor Plan of One Island East 
(Zone 1) 
 
 
 
 
 
 
 
 
 
Source: http://www.oneislandeast.com.hk/zone1.html 
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Appendix 8 – Building Services 3D model of a 
typical floor in One Island East (Zone 1) 
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Appendix 9 – Building Services 3D model of a 
typical floor in One Island East (Zone 1) 
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Appendix 10 – Building Services 3D model of a 
typical floor in One Island East (Zone 1) 
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Appendix 11 – Kowloon South Link route map 
& exterior view of West Kowloon Station 
 
 
 
 
Source: 
http://www.kcrc.com/html/eng/corporate/new_projects/kowloon_southern/index.asp
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Appendix 12 – Interior view of West Kowloon 
Station 
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Appendix 13 – Interior view of West Kowloon 
Station  
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Appendix 14 – Exterior view of Bel-Air No. 8 in 
Cyberport 
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Appendix 15 – Transportation of facade wall 
units 
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Appendix 16 – Erection of lost form and facade 
wall units 
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Appendix 17 – Erection of formwork and fixing 
of rebar to internal walls and lost form units 
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Appendix 18 – 3D visualizations of Hong Kong 
Football Club 
 
 
 
Appendix 
173 
Appendix 19 – 3D visualizations of the Hong 
Kong Football Club  
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Appendix 20 – 3D visualizations of a residential 
block in Sai Kung 
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